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SALE OF GOVERNMENT PUBLICATIONS. eG 


he under-mentioned Firms have been appointed sole Agents for the sale of Government 4 
Publications, including Parliamentary Reports and Papers, Acts of Parliament, Record 
Office Publications, &c., &c., and all such works can be purchased from them either directly. 
or through retail booksellers, who, under the prise of the sale agency contracts, are — 
entitled to a discount of 25 per cent. from the selling prices :— eh 
IN ENGLAND :— re 

For all publications excepting Ordnance and Geological Maps, the Fae eanios 
Works of the fast Ha and Patent Office Publications :—Messrs. Eyre snp ~ 
Sevohenptiatsel Raft rigs Street, E.C. 

For Geological Maps :—Mr. E, Stanrorp, Cocks ur Street, 8. W. 

For Bydrbérdpphicul Wonks’ ‘ai the Admiralty :—Mr. J. D. 'Porrer, 31 Poultry, E.C. 

Patent ( fice erie kitee MwA are 9% sold at the Patont Office. 


7 : eee 


For all Publicddins excepting the Hydrographical Works of the Admiralty and Patent 
Office Publications :— 
IN SCOTLAND :—Megssrs. JoHN Menzies & Co., 12 Hanover Street, Edinburgh, and 
90 West Nile Street, Glasgow. 
IN IRELAND .__MEssrs. Hopers, Fiecis, & Co., Limrren, 104 Grafton Street, Dublin. 


The following is a list of some of the more important Parliamentary and Ofticial 
Publications recently issued :— 
Parliamentary : 

Statutes— 
Public General, Session 1897. | With Index, Tables, &c. Cloth. Price 3s. 
Second Revised Edition. By authority. Vol. I. A.D. 1235-1713. Vol. TI. A.D. 

1714-1800. Vol. If. A.D. 1801-1814.) Vol. TV. . A.D. 1814-1830. Vol. Y. 
A.D. 1830-1836. . Vol. VI. A.D. .1837-1842.. Vol. VII. A.D. 1843-1846. 
Vol. VIII. A.D. 1847-1852. Vol. IX. A.D. 1852-1857. Vol. X. A.D. 1858-1862. 
Vol. XI. A.D. 1863-1867. Vol. XII. A.D. 1868-1871. Vol. XIII. A.D. 1872-1875. 
Price 7s. 6d. each. 

Revised Editions. Tables showing subsequent Repeals, effected by Acts of Session 60 & 


61 Vict. 1897. Roy. 8vo. 34 pp. Stitched. Price 6d, 
Statutes in Force. Index to. Thirteenth Edition. To the end of the Session 58 & 
59 Viet. 2 Vols: Roy. 8vo. Cloth. Price 10s. 6d. 


The Statutory Rules and Orders revised. Statutory Rules and Orders, other than those 
of a Local, Personal, or Temporary Character, issued prior to 1890, and now in force. 
Vols. I. to VIII. Price 10s. each. 

Statutory Rules and Orders other than those of a Local, Personal, or Temporary 
Character. With a List of the more important Statutory Orders of a Local Character 
arranged in classes; and an Index. Roy. 8vo. Boards. Issued in the years 1890, 


1891, 1892, 1893, 1894, 1895, 1896, and 1897. Price 10s. each. 
Statutory Rules and Orders in force on Ist January 1893. Index to. Price 10s. 
Statuto he and Orders, 1898. Registered under the Rules Publication Act, 1893. 

In ct a of isstel 

any f Hh ves nen TPA, and Local and Private, Session 1898. In course of issue. 

(C.' 87 | etd} |(Royal Commission. ) Evidence and Index. Vol. I. 
fy | i i di fi Price 48 3d. 
[C. 764!) ‘peda: ppendix! Part T. Price 2s. 9d. 
|C. 8765,| Ditto. Appendix. Part I]. Price 3s. 9d. 
|C. 8768.| TELEPHONE ExcHance SERVICE IN Giascow. Report of an Inquiry. Re | 
. ice 2 
|C. 8814.] CHina. Correspondence respecting the Affairs of. November 1897—April 18 
' Price 73d. 
|C. 8824.] TuBERcuLosis, Report of Royal Commissioners. Price 3d. 
|C. 8831.| Ditto. Evidence and Appendices. Price 3s. 11d. — 
{C. 3810,] Kast Inp1a CurRENcY. Correspondence respecting the Proposals of the Govern- 
ment of India. Price 
H.C., No. 129. 1898. Large Assurance CoMpaNrgEs. Statement of Account for the 
year 1897. Price 2s. ign” 
H.C. No. 376. 1897. Forerén Import Duties in force January 1898. Returns of. 
Price Is. 9d. 


Mines. Reports of Her Majesty’s Inspectors for the year 1897, with Summaries of thBige 
Statistical portion under the provisions of the Coal Mines Regulation Act, ae 
Metalliferous Mines Regulation Acts, 1872-1875 ; Slate Mines (Gunpowder) Act, 1 
Districts Nos. 1 to 13. In course of issue. 

Mines in the United Kingdom of Great Britain and Ireland and the Isle of Man. List 

of, for the year 1896. Price 2s. 11d. 

(QUARRIES Ditto. ditto. ditto ditto. Price 3s. _ 

Mines ABanponep. List of-the Plans of. Gorsdatell to 31st December 1896. Price 9d. 

The following appear periodically, and can be subscribed for :— . 
clone | 


TRADE OF THE UniteD KINGDOM WITH BRITISH POSSESSIONS AND> Forzren 
showing the Quantities and the Declared Value of the Articles. 


NOV 30 1926 
SIXTEENTH 


ANNUAL REPORT 


OF THE 


FISHERY BOARD FOR SCOTLAND, 


Being for the Year 1897. 


IN THREE PARTS. 


Part I.—GENERAL REPORT. | 
Part II.—REPORT ON SALMON FISHERIES. 
Part IIJ.—SCIENTIFIC INVESTIGATIONS. 


PART IIl.—REPORT ON SALMON FISHERIES. 


Presented to Parliament bp Command of Her Majesty. 


GLASGOW: 
PRINTED FOR HER MAJESTY’S STATIONERY OFFICE 
By JAMES HEDDERWICK & SONS, 
At THE ‘‘ CiT1zEN” Press, St. VINCENT PLACE. 


And to be purchased, either directly or through any Bookseller, from 
JOHN MENZIES & CO., 12 Hanover Street, Epinpurcn, and 
90 West Ninn SrrREET, GLASGOW ; or 
EYRE & SPOTTISWOODE, Easr Harpine Srreet, Feet Street, E.C., and 
32 ABINGDON STREET, WESTMINSTER, S.W.; o1 
HODGES, FIGGIS, & CO., Limrrep, 104 Grarron STREET, DUBLIN. 


1898. 


[|C.—8873.] Price 5d. 
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SIXTEENTH ANNUAL REPORT. 


TO THE RIGHT HONOURABLE 


LORD BALFOUR or BURLEIGH, 


Her Majesty's Secretary for Scotland. 


OrFricE oF FisHery Boarp 
FOR SCOTLAND, 


Eprxspurad, lst Apri/ 1898. 


My Lorp, 


In continuation of our Sixteenth Annual Report, 
we have the honour to submit— 


PART Il1L—REPORT ON SALMON FISHERIES. 


The fishing season of 1897 appears, from all available sources 
of information, to have been below the average. The number of 
boxes of salmon sent to Billingsgate was 30 per cent. less than 
the average of the previous sixty-three years, and nearly 26 per 
cent. under the average of the previous ten years. In the follow- 


~ 


‘Table of Boxes 
of Scottish 
Salmon sent 


to Billingsgate | 


from 1834 to 
1897 inclusive. 
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ing Table will be found the numbers sent in each year since 1834 
—each box weighing about 1 ewt. :— 


Year. Boxes of Salmon. Year. Boxes of Salmon. 
= Dm: ee we, et a 
| 1834 30,650 1866 | 21,725 
| 1835 42,330 1867 | 23,006 
| 1836 24,570 1868 28,020 

1837 32,300 1869 20,474 

1838 21,400 1870 20,648 

1839 16,340 1871 23,390 

1840 15,160 1872 | 24,404 

1841 28,500 1873 | 30,181 

1842 39,417 1874 | 32,180 

1843 30,300 1875 20,375 

1844 28,178 1876 | 34,655 

1845 31,062 1877 | 28,189 

1846 25,510 1878 | 26,465 

1847 20,112 1879 | 13,929 

1848 22,525 1880 | 17,457 

1849 23,690 1881 | 23,905 

1850 13,940 1882 | 22,968 

1851 | 11,593 1883 | 35,506 

1852 | 13,044 1884 27,219 | 

1853 | 19,485 1885 | 30,362 | 

1854 | 23,194 1886 23,407 | 

1855 18,197 1887 | 26,907 

1856 | 15,438 1888 | 22,857 

1857 | 18,654 1889 21,101 

1858 21,564 1890 | 18,931 

1859 | 15,823 1891 25,889 

1860 15,870 1892 21,919 

1861 12,337 1893 18,903 

1862 22,796 1894 15,489 

1863 24,297 1895 25,364 

1864 22,603 1896 22,435 

1865 | 19,009 1897 | 16,284 


The monthly return of the number of boxes of Scottish salmon re- 
ceived at Billingsgate, which, as heretofore, has been kindly furnished 
by the Fishmongers’ Company, shows that the decrease was most 
marked in the last three months of the season, that the quantity 
received in March and April was 30 per cent. below the average of 
the corresponding months in the years 1884-93, and that the only 
month in which the quantity reached the corresponding monthly 
average of the years 1884-93 was the month of May. In the follow- 
ing Table will be found the number of boxes received at Billingsgate 
monthly, from February to December inclusive, during the years 
1894 to 1897 inclusive, the average number of boxes received in 
each month in the years 1884-93, and the average monthly price 
per lb. in the years 1893-96, and the average price per lb. obtained 
in each month during 1897 :— 


[ TABLE. 
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| 


a oe =| Table of Boxes 
S os QAES 9, Z| of Scottish 
| 3 ase aoms 
Month. | 3S | 1894. | 1895. | 1896. | 1897. |G-S Se 8S Ae) to Biningogate 
| Pow <4 7% <4 3.2°5| in each month. 
a 29 Ad 
| go ered gy Yds | 
February, . ‘ S818 327 400, 822 (OPS TRL RG 2ST Pana 
March, : BP, ch Ole 692; 1,207 |,.1,885 724; 1 8 ” OS 
April, . : ee Le ene 887°) 7, 160'|* 1; 680°)" 1,088) 1 94 2 24 
May, 07 1h Te, eee sola WeFee | BST WSF [QBV1 | Uh Safi b 6 
Funes) i heal cult 540. 1.30784. 4,811,| 3,b0p 8,227) 1 48). 1.44 
Vulva a eg) | dead 9.006 | 7,450) b.0gt | O 112 1° 1° 4 
mngosr, oy repos a oes) Boned | 45277 (PS OOr (RODD 
September, . , 526 328 659 | 750 1S ur LO Ber 'D 
aceercdarmrs ctl | le. ea iat a *6 aT du 
October, . ere ee ve bed en *9 cm i ay 
| November, . ee een ae es) aes ey ue i 
December, . REPELS OW hoes Ot OEY. vi 
Total; . | 23,749 | 15,489 | 25,364 | 22,435 | 16,284 
| | 


* Frozen salmon. 


The value of the salmon sent from Scotland to Billingsgate 
during 1897 compares favourably with the returns of former years. 
If itis assumed that each box contains 1 ewt. of salmon, the value of 
the salmon delivered there in 1897 would amount to £139,405 9s. 4d., 
or, on an average, £8 11s. 21d. per ewt., whereas the average annual 
value in the years 1893-96 inclusive was £157,915 11s. 2d., or £6 14s. 
113d. per ewt. Thus, although the number of boxes delivered at 
Billingsgate during 1897 was 4,264 less than the average number 
delivered annually in the period 1893-96, there was an increase of 
£1,489 18s. 2d. in their value. 

The returns furnished by the Scottish railway companies and Goxé ot 
steamship owners regarding the weight of the boxes of salmon salmon 
forwarded by them in 1897 show that the quantity carried was [forwarded 
34 per cent. less than the average return for each of the three Stations, Ports, 
previous years for which similar information 1s available. The &- 
most marked decrease appears to have been in the district between 
Cape Wrath and Glasgow, where the weight of the boxes forwarded 
was 45 per cent. below the average; in each of the two districts 
between Berwick and Cape Wrath it was 33 per cent.; while from 
Glasgow to the Border it was 21 per cent. These returns have 
been embodied in the following Table :— 


| 1894. 1895. 1896. 1897. 
District. Weight. Weight. Weight. Weight. 
Tons. Cwts.| Qrs. | Lbs. | Tons. | Cwts.| Qrs. | Lbs. | Tons. Cwts.| Qrs. | Lbs, | Tons.| Cwts. | Qrs. | Lbs. 
Berwick to Cairn- ) | 
bulg Point, . . | «963 8 2| 23 11,834 1 3] 2411,583 6 1]. 26) 987| 5 1 
Cairnbulg Point | 
to Cape Wrath, | 729 2 3 17 | 1,492 12]  #: 7 987 LS 1 8 717 4 
Cape Wrath to é 
Glasgow, . .| 471 13 3 4] 576 7 ie 10 | 414 2 | 3 5 270] 15 
Glasgow to the 
Border; ..°/" .-f)278 weer * 396 |... 1 Tip 995, Bah cy: «ESE OR 
——— | | | 8 | | — _ | —- | — 3s SE - — sees Se) Le Pee | ————— 


Ks) «| ree A 1) 11 1 16 | 4,229 1 2 2 | 38,278 5 2 12} 2,194; 12 2 


Vill Report on Salmon Fisheries. 


hi Jee to The replies which have been received to the usual circular of Pp. 17. 

rinted . : ; : 

Queries regard- printed queries issued at the close of the salmon fishing season 

ing the yield of jndicate that the season of 1897 was below the average. These 

ee queries are sent to Clerks of District Boards with a view of ascer- 

1897. taining, as far as possible, the state of the salmon fisheries. The 
answers are given in Note I. of the Appendices to this Report. 
It will be observed that replies have been received regarding the 
following districts, viz.:—The Tay, South Esk, North Esk, Dee 
(Aberdeenshire), Don, Ythan, Ugie, Deveron, Spey, Findhorn, Ness, 
Alness, Conon, Kyle of Sutherland, rivers of Sutherlandshire, Lochy, 
Ayr, Girvan, Stinchar, Cree, Dee (Kirkcudbrightshire), Nith, and 
Annan, and that, except in the case of the Ness, the rivers of the 
north coast of Sutherlandshire, and the Ayr, all the reports are to 
the effect that the past season has been “below,” or “much 
below,” the average. About an average season is reported from 
the districts of the river Ness and of the rivers of the north coast 
of Sutherlandshire, while the only district in which the take of 
fish is reported as having been rather above the average is that of 
the river Ayr. 


Rental of Tay 


cision The following is the rental of the Tay fishings since 1828 :— 
Fishings, 

Year. Rental. Year. Rental. 
1828 ‘ . £14,574 10 0 1863 ; . . £14,232 16 6 : 
1829 ’ é - 14,529 10 O 1864 ‘ : . Ab Fa Ss oe 
1830 3 . , tates 8.0 1865 ME fo Bog! A | 
1831 4 + VESTA“ © 1866 : ; . 17,465 3 4 
1832 : , . / 11,629 “0-0 1867 . 16,852 18 4 
1833 ; : » thar “6. 0 1868 , { 16,965 15 10 
1834 ; , », oy HOOD) Ol <8: GS . 17,444 15 0O 
1835 : ‘ - 10,856 10 0 1870 ; ‘ . 17,044 8 4 
1836 : : O22 tee 0 1871 ] t . F-16882 0B 4 
1837 00 OO eee Je +1 ee7ade | ut ee vei 
1838 : . - 10,285 0. 0 1873 : ; . 17,519 14 0 
1899 shila eir:- op) 10498... 40: W,Aetd len oneal ee 
1840 ; : s T005 0) OF a Tene ; . .  ah6at a's 
1841 ; : : 10,846 5 0 | 1576 ' . ~ 19/980 16-'4 
1842 . é ~~ 1235 YE. O' | 1877 fe isk: 1) T2L 126. Baa 
1843 ' ~ 5) 10,502 5° O98 78 r : o) 2LAS ae 
1844 : F +, 4 :10,886,10, 0 1879 : : :... 21,697 120 
1845 ‘ : - anedlO 76) 15. 0 1880 ‘ : . , 22,058 aa 
1846 5 , - 10,099 15 0 1881 4 : ." Vaya soe 
1847 : : - ILA ie © 1882 ; DSTO ny ea 
1848 : : Gay tO: 1883 : 2 NFS: 
1849 : : » > SET29 16090 1884 ; ; . 19,655 14 5 
1850 : : . 9.491 11. 0 1885 : a BOTT (HO aes 
1851 : . 9,530 O 0 1886 : : .» (22542 2s 
1852 : ; ; 1913.6 0 1887 : : > Daas iG 7 
1853 : * : S71 lt 6 1888 : 1) ooo. 9" © 
1854 : : . 9,269 6 5 1889 : (Tot a. 
1855 ; : . 9,977 13° 5 1890 : ; <r Patg.Bto L0--0 
1856 ‘ : . 10,199 10 4 1891 : : ote ATi Deidos » OF eae 
1857 : ; POT Se Bo 1892 : .§ DOTS) OF wh 
1858 . je, L467 2 1893 : : . - 21,762 14 “3s 
1859 ‘ d . 11,884 14 0O 1894 ! : i> 19,578: ge es 
1860 , . « kS,6L4 10 77 1895 ; : ., ' 17,090 tsa 
tage a..fy he” er T0098. 15 RR eae te ee 
BBG De a oe es TAB 12 Ls ee 
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The Aberdeen Harbour Commissioners have kindly furnished a Ls ei 
statement of the number and weight of fish caught at their salmon thedaeaats 
fishings on the river Dee and the sea coast adjoining since 1872. ee 
This return is given on page x., and shows that a scarcity of the Aberdeen 
grilse was a marked feature in last year’s fishing season. In one Harbour Com- 
only of the twenty-six years for which statistics are available were "°°" 
fewer grilse caught. Salmon were more numerous than in eight 
previous years, although considerably below the average of recent 
years. The decrease in the total number of fish caught is also due, 
in a measure, to the comparatively small number of sea trout 
which were taken. | 

With regard to salmon disease in 1897, it is reported from the Salmon 
Tay that the disease made its appearance, but that the number of Pes 
fish affected cannot be stated; from the North Esk, that the num- 
ber taken out of the river was 507, as against 175 in the previous 
year; from the Aberdeenshire Dee, that there was very little 
appearance of disease; from the Don, that 145 diseased fish were 
taken out of the river, being an increase of 107 on 1896; from the 
Ythan, that 61 fish succumbed, as against 467 in the previous 
year; and from the Deveron, that 243 fish died of the disease. In 
the Spey district the number of fish affected appears to have been 
below the average; while in the rivers of the east coast of Suther- 
landshire, the Stinchar, the Nith, and the Annan, the disease is 
reported to have shown itself only to a very slight extent. 

During 1897 Mr. Archer inspected the rivers North Esk, South Inspections 
Esk, Deveron, Kirtle, and Nith, the works erected by the Glasgow dun ee 
Waterworks Commissioners at the outlet of Loch Katrine, and the 
salmon fishings.at Bonar Bridge on the Kyle of Sutherland. His 
general report to the Board is given on p. 5, and a special report 

_. on Craigo and Morphie dam dykes in Note II. of the Appendices to 
BO this Report. From the latter Report it appears that Craigo dyke is 
not constructed in accordance with the bye-law (Schedule G, 31 
and 32 Vic. c. 123); and that at Morphie dyke the unavoidable 
difficulty which salmon experience in ascending every fish-pass is 
increased by the want, under normal conditions, of a sufficient 
volume of water to attract them, the deficiency being caused (a) by 
the substitution of turbines in place of water wheels, and (0) by the 
exemption, under Sec. 12 of the Act of 1868 (31 and 32 Vic. cap. 
123), of the Kinnaber lade from the provisions of the bye-law as to 
the closing of sluices. It is satisfactory to note from his general 
report that steps were taken during last year, in the districts of 
the South Esk, Deveron, and Kyle of Sutherland, to unite the 
divergent interests which have hitherto stood in the way of the 
better regulation of the fishings in the confined waters. The 
improvement in the fisheries, as we pointed out in our Eleventh 
Annual Report, which have followed in those cases where the 
general interests have been studied instead of the individual 
appear to indicate that the salmon fisheries are capable of develop- 
ment, not only to the benefit of each proprietor, but also to the 
increase of the food supply, if united action were more generally 
adopted. An example of the low value to which salmon fishings 
may fall, when District Boards neglect to enforce the provisions of 
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the Salmon Fisheries Acts, and allow obstructions to be placed in 
the way of fish reaching the natural spawning grounds, is afforded 
by the present condition of the fishings in the district of the river 
Nith, to which Mr. Archer draws attention on p. 9. The 
deplorable state of matters in this district is under the considera- 
tion of the Nith District Board. During last year the Glasgow 
Water Commissioners exercised the powers conferred on them by 
the Act of 1885 (48 and 49 Vic. c. 136), and took from Loch 
Katrine a greater quantity of water than was authorised by the Act 
of 1855 (18 and 19 Vic. c. 118). It has become necessary, 
therefore, to execute the works, and to send down into Loch 
Achray and the river Teith the additional quantity of compensation 
water provided for by the later Act. Negotiations are going on 
between the Commissioners and the proprietors of salmon fisheries 
on the river Teith regarding these matters. The District Board 
of the river Annan, whose attention was directed to the present 
state of the caulds, or dam dykes, on the Kirtle, have called 
upon the proprietors to alter them so as to bring them into 
conformity with the regulations laid down in the Commissioners’ 
bye-law (Schedule G, 31 and 32 Vic. cap. 123). 


Two cases involving questions of importance to the salmon 
fisheries of Scotland were decided in the Court of Session and in 
the High Court of Justiciary, respectively, last year, viz. :—Duke of 
Fife and Others, and Don and Another v. Johnston—it being 
declared, in the former case, that, in the circumstances set forth, a 
proprietor of a right of cruive fishing is bound to alter his cruives 
so as to bring them into conformity with the bye-law (Schedule F, 
31 and 32 Vic. cap. 123), notwithstanding that they have been 
maintained and used at their present size for upwards of a hundred 
years; and, in the latter case, that a tenant of salmon fishings 
is an occupier within the meaning of the Act, and cannot evade 
responsibility for failure to perform the statutory duty of removing 
the leaders of bag-nets during the weekly close time by pleading the 
fault of his servants. The report of the former case is given 
in Note III. of the Appendices. 


In Note IV. is given an abstract of the sums raised and expended 
by District Boards during the year ending the 15th May 1895. 
The information is obtained from the Annual Local Taxation 
Returns (Scotland) for the year 1894-95, prepared by the Local 
Government Board for Scotland. 


In Note V. is given, so far as the information is available, the 
rateable value of the salmon fisheries in districts where Boards 
have been formed for the years 1881 to 1895 inclusive. In twenty 
districts the information is available in each of the above-mentioned 
years, viz.:—In the districts of the rivers Annan, Cree, Dee 
(Solway), Dee (Aberdeen), Deveron, Don, Esk (North), Esk (South), 
Findhorn, Forth, Girvan, Kyle of Sutherland, Lochy, Ness, Nith, 
Spey, Tay, Ugie, Ythan, and Tweed. In the following table is 
given the aggregate value of the fisheries in the above-named 
districts in the years 1881 to 1895 inclusive, the average value in 


Salmon 
Fishing cases 
in the Court of 
Session. 


Sum raised 
and expended 
by District 
Boards, 


Rateable 
Value of 
Salmon 

Fishings. 
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each period of five years, and the proportion per cent. which the 
two later periods bear to the first, the value of the first being 


taken as 100 :-— 


| 
| | Average Valuein | 
Year. ee Value of cael penibil of Percentage. 
isheries. ion vo 2 
ive Years. 
£ | £ 
1881 90,226 
1882 86,654 
1883 85,776 
1884 85,311 
1885 / 88,218 87,237 
1886 91,407 
1887 94,644 
1888 96,312 
1889 93,667 | 
1890 92,101 93,624 | 107°3 
1891 90,763 
1892 90,725 
1893 94,752 | 
1894 99,894 
1895 98,419 94,910 108°7 


Annual Close In Note VI. of the Appendices a list is given of the dates of the P- “®. 


ae commencement and termination of the annual close time for net 
and rod fishing respectively, applicable to the salmon rivers in 
Scotland. 

List of In Note VII. of the Appendices will be found a list of the p. 79. 

Chairmen ant Chairmen and Clerks of Salmon Fishery District Boards in Scot- 

District land. It will be observed that during 1897 Boards were 

Boards. formed for the districts of the rivers Broom, Doon, Gruinard and 
Little Gruinard, and Little Loch Broom, where none previously 
existed. 

Report of A Report to the Fishery Board of investigations into the life- 


ee history of salmon in fresh waters, conducted at the Research 
History of Laboratory of the Royal College of Physicians, Edinburgh, was 
Salmon. issued as a separate Blue-book and presented to both Houses of 
Parliament on 8th March last. We desire to express our 
thanks to the several contributors for their valuable work, as well 
as to those noblemen and gentlemen who kindly supplied material 


for investigation. 
We have the honour to be, 
Your Lordship’s most obedient servants, 


ANGUS SUTHERLAND, Chairman. 
D. CRAWFORD, Deputy-Chairman. 
JOHN MURRAY. 

J. RITCHIE WELCH. 

W. R. DUGUID. 

ARCHIBALD JAMESON. 

L. MILLOY. 


WM. ©. ROBERTSON, Secretary. 
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REPORT. 


I Have the honour to submit my Annual Report to the Fishery 
Board for Scotland for the year 1897. 

In accordance with my instructions, I visited the river North Esk North Esk, 
on the 16th July, and on the 16th and 18th October last, for the 
purpose of reporting on the state of Craigo and Morphie dam dykes and 
the bed of the river in their immediate neighbourhood. My report on 
this matter is givenin Note II. of the appendices. Craigo dyke has 
for a number of years formed a serious obstruction to the passage of 
salmon to the upper waters, and was strongly condemned by my pre- 
decessor, Mr. Young, in a report to the upper proprietors, dated as far 
back as the 10th February 1882, which is printed as Appendix V. to the 
Board’s First Annual Report. Although some alterations were made in 
the following year, they were not effectual, and the dyke still forms a 
most formidable obstruction. ‘The District Board have now taken the 
matter in hand, and, since they have undertaken that their action will 
be regulated by the terms of the report which they received from the 
Fishery Board, it is to be hoped that efficient steps will immediately be 
taken to provide a free passage for salmon in terms of the bye-law. 

After leaving the North Esk, I proceeded, on the 17th July, to the South{Esk. 
South Esk. The late Mr. Frank Buckland is reported to have said in 
1870, of this river and its tributary streams, that it was naturally the 
best river of its size he had seen in Scotland for breeding salmon, and 
the worst treated. Much has been done for its improvement since that 
time, particularly by the establishment of a sewage farm with the view 
of stopping pollution, and by the construction of an efficient fish-pass 
at Brechin Castle dam dyke, formerly a most serious obstruction. The 
increase in the rental of the fishings shows that the steps which have 
been taken have proved successful. In 1874 the rental was £1536 ; it 
is now £3149. It is satisfactory to find that the proprietors in this 
district, who have hitherto shown such energy and judgment in the 
management of their fishings, are in the van of the movement recom- 
mended by the Royal Commission on Tweed and Solway for the further 
development of the capabilities of their river for the production of fish ; 
and have come to an arrangement by which, in future, netting in 
confined waters will be discontinued and the river be kept for the 
breeding of fish, rod fishing only being allowed. The proprietors are 
to be congratulated on this step. In other districts where it has been 
adopted it has been followed by the improvement both of the net 
fishings in the sea and of the rod fishings in the river. 

Where so much has been done for the development of the fishings it 
is disappointing to find that such a small matter as providing efficient 
fish-passes at some of the dam dykes has been neglected. In my Report 
to the Board for the year 1892 I point out that at Kinnaird dam I 
saw numbers of salmon attempting in vain to ascend, and that the fish- 
pass appeared quite inoperative. Nothing, however, has been done to 


Deveron. 
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improve it. The dam, which is curved in shape, is about five feet high, 
and presents, except at certain levels of the river, a considerable 
obstruction to the passage of fish. The face of the dam is about twenty- 
seven feet broad, sloping, for the upper half of its breadth, at an angle 
of about one in four, and for the lower half at about one in seven. The 
fish-pass is nothing more than a depression, a few inches deep, on the 
face of the dam, and, in its present condition, cannot possibly afford a 
free passage to fish at all times in terms of the bye-law (Schedule G). 
What is required is the erection of three small subsidiary dams in the 
angle formed by the curve of the mill dam. The fall from the crest of 
one to the crest of the other should not exceed fourteen inches ; they 
should not be less than ten feet apart ; and there should be at least 
three feet depth of water in the pools formed between each. The cost 
would be trifling if they were constructed in the same manner as 
those at Mile End Weir, Llangollen, on the river Dee (Cheshire), 
of which a plan is given in the Thirty-fifth Annual Report of the 
Inspectors of Fisheries (England and Wales). East Mill dam is not 
such a serious obstruction, but its ascent might be greatly facilitated if 
similar subsidiary dams were placed in the angle which it forms with 
the right bank of the river. At Blaikie mill dam the provision of the 
bye-law with regard to the construction of a fish-pass is altogether 
disregarded, while at Finavon the pass is inefficient. Further, although 
at neither of the two last-mentioned places were the mills working at 
the time of my inspection, yet in each case a greater volume of water 
was running to waste through the lade than was flowing over the dam ; 
and I was informed that the provisions of the bye-law (Section 2, 
Schedule G) as to the shutting of sluices when the mills are not working 
are habitually contravened. These matters require the attention of the 
South Esk District Board, as it would seem, after the decisions given 
in the Court of Session in the cases of Kennedy v. Murray, 1869, 
7 Macph. 1001 ; Myers v. Grant, 1871, Scot. Law Reporter, Vol. VIII., 
p. 404; and Duke of Fife and others, 1897, Scot. Law Reporter, Vol. 
XXXIV., p. 440, that District Boards should have no difficulty in 
enforcing the provisions of the Commissioners’ bye-laws, and that they 
have, therefore, now no excuse for neglecting to do so. The provisions 
of the bye-law (Schedule G), and the requirements which modern 
experience has shown are necessary in order to produce an efficient 
pass, are discussed at length in my Report on Craigo and Morphie 
dam dykes which is appended in Note II. 

In a prosecution raised by the South Esk District Board an important 
point of law was decided, on appeal, by the High Court of Justiciary, 
with regard to the liability of a tenant, or occupier of salmon fishings, 
for offences committed by a servant against orders. The offence 
complained of was a breach of the regulations with regard to the weekly 
close time by neglecting to take out of the water the leaders of certain 
bag-nets. The Court held that the 24th Section of the Act of 1868 
(31 and 32 Vic. cap. 123), and the 3rd Section of Schedule D appended 
to that Act, lay a statutory duty on occupiers of salmon fishings | 
to remove their nets during the weekly close time, and that a tenant of 
salmon fishings is an occupier within the meaning of the Act and 
cannot evade responsibility for failure to perform that duty by 
pleading fault on the part of his servants (Don and another v. Johnston, 
Scots Law Times, Vol. V., 296 App.) 

From the South Esk I went to the Deveron to advise the District 
Fishery Board as to the alteration of the cruives, which the Court 
decided, in the special case referred to in my last Annual Report, must 
conform to the regulations contained in the Commissioners’ bye-law 
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(Schedule F, 31 and 52 Vic. c. 123). The alterations have, however, 
since become unnecessary, as the District Board, by agreement with the 
proprietor, have purchased the cruives and cruive dyke for the purpose 
of removal, in terms of the 13th Section of the Act of 1868. The 
work of demolition was completed before the commencement of the 
fishing season, and the formidable artificial obstruction which has 
hindered the passage of fish for upwards of a hundred years is now 
removed altogether. The decision given in the above case (Duke of 
Fife and others, 23 February 1897) is of considerable importance to 
District Fishery Boards, bearing as it does on the question of how far 
the clause at the end of Section 6 of the Act of 1862 (25 and 26 Vice. 
cap. 97) affects the regulations made by the Commissioners with regard 
to the construction and use of cruives—a question discussed at some 
length in a memorandum with regard to the law relating to cruives, 
which is printed in Note III. of the Appendices to the Thirteenth 
Annual Report of the Fishery Board, Part II. By the clause 
referred to the regulations made by the Commissioners are subject 
to an important qualification, viz., “that such regulations shall 
‘“not interfere with any rights held, at the time of the passing 
“of this Act, under Royal grant or charter or possessed from 
‘‘time immemorial.” From the opinion expressed by the Lord 
President, it would seem, in effect, that the mere fact of cruives 
having been of a particular size for upwards of a hundred years does 
not give a right of immemorial possession in the sense of the Act, and 
that, in absence of a right under charter to any particular size or 
description of cruive, cruives must be constructed in accordance with 
the regulations made by the Commissioners. ‘The report of this case is 
given in Note III. of the appendices. 

I next visited the district of the Kyle of Sutherland, where I was Kyle of 
met by Mr. Main, the Superintendent of Salmon Fisheries to the Sutherland. 
District Board, who accompanied me in my inspection. In this district 
a new procedure was instituted during last fishing season. A syndicate of 
those interested in the rod fishings in the upper waters obtained a lease 
of the valuable net fishings at Bonar Bridge, with a view of regulating 
them so that an increased number of fish may have access to the upper 
waters during the net fishing season. Instead of the statutory weekly 
close time of 36 hours, a weekly close time, beginning at 6 p.m. on Friday 
and terminating at 6 a.m. on Monday, has been observed. With the ex- 
ception of two stations at the mouth of the Carron, the same number of. 
stations were worked, and they were fished in the same manner as 
before. The fishermen, I am informed, have suffered no loss through 
this arrangement, as they are paid the same wages for fishing five days 
as they fcrmerly received for fishing six days a week. This scheme of 
leasing the net fishings in the lower waters by those interested in 
the upper would seem to be a happy solution of the questions in 
dispute between upper and lower proprietors, and to be worthy of. 
imitation in other districts. It tends to prevent overfishing and to. 
promote united action for the development of the fisheries. In rivers 
which are overfished it seems, also, to be a wise and remunerative 
policy. The increased value of the angling waters makes up for the 
immediate loss incurred by restricting netting, while the protection of 
a larger number of breeding fish, by increasing the production of fish, 
should improve the yield of the net fishings in future years. 

On the 26th July I inspected the works erected by the Glasgow Loch Katrine. 
Waterworks Commissioners at the outlet of Loch Katrine, and sub- 
sequently had an interview at Dunblane with Mr. Barty, who is repre- 
senting the proprietors of salmon fisheries on the river Teith in the 
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negotiations which are going on between them and the Commissioners 
regarding the new works which are about to be constructed. 

By the 16th Section of the Glasgow Corporation Waterworks Act, 
1885 (48 and 49 Vic. c. 136) the Commissioners, under that Act, are 
entitled to raise the water in Loch Katrine five feet above the maximum 
height specified in the 55th Section of the Act of 1855 (18 and 19 Vice. 
ce. 118), and, by the 17th Section of the former Act, to take from the 
loch 110,000,000 gallons of water per diem, including in that 
quantity the 50,000,000 gallons which they are authorised to take by 
the 57th Section of the latter Act. The right to raise and take the 
said water is subject, however, to the qualification that not less than 
800,000 cubic feet of water are discharged daily from Loch Katrine 
into the Achray Water, and 6,720,000 cubic feet of water from Loch 
Vennachar into the river Teith; while, in the construction of the 
embankment for raising the water in Loch Katrine, provision must be 
made to allow fish to pass freely into or from the loch. 

Until last year the powers conferred by the Act of 1885 had not 
been exercised, but since then a greater quantity of water has been 
taken than was authorised under the earlier Act, and it has become 
necessary to construct the works authorised by the later Act. It 
would seem that three points should be kept in view in their 
construction, viz.:—(1) That provision be made to ensure that the 
requisite compensation water be made to flow from Loch Katrine into 
the Achray Water, and from Loch Vennachar into the river Teith; (2) 
that proper water gauges be erected, in order that the amount of water 
sent down may be checked; and (3) that the dam shall be so constructed 
as to allow fish to pass freely to and from the loch in terms of the 27th 
Section of the Act of 1885. 

With regard to the regulation of the compensation water, it would 
seem to me that greater accuracy would be insured, and much incon- 
venience obviated, if the water gauges were made self-recording, as they 
might be made without any great difficulty. The raising of the level 
of Loch Katrine will render the existing salmon ladders altogether 
useless, and in order to allow fish to pass freely into and from the loch it 
would seem to me that the old channel should be made use of, and sub- 
sidiary dams erected across it, as has been done in the case of the old 
channel leading from Loch Vennachar. But, if this is done, it will be 
necessary to send the compensation water down the old channel instead 
of through the new cut as is done at present. Otherwise, fish will be 
unable to ascend “at all times, or during such period as water shall be 
‘discharged from Loch Katrine,” in terms of the 27th sec. of the Act of 
1885. But since the water in Loch Katrine may be lowered twelve feet 
below its maximum height, and the outlet for the compensation water 
must be placed below the lowest point to which the loch may be lowered, 
it is evident that the compensation water cannot be made to flow over 
the subsidiary dams in the ordinary manner; and I am disposed to 
think, therefore, that this is a case in which Cail’s system of fish-pass 
might with advantage be adopted. 

From Dunblane I proceeded to Kirtlebridge, in Dumfriesshire, 
stopping at Stirling on my way for the purpose of conferring with the 
Clerk of the District Board of the river Forth, of which the river 
Teith is a tributary, regarding the erection of a suitable fish- -pass at the 
outlet to Loch Katrine, and the other points which should be kept in | 
view during the construction of the new works. 

On the 28th July I visited the cauls on the river Kirtle, being 
accompanied on my inspection by General Graham of Wyseby and Mr. 
Andrew Smith, factor to Mr. J. E. Johnson-Ferguson, M.P. There are 
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three cauls on this river, viz.:—One at Kirtlebridge, belonging to 
Colonel Irvine of Burnfoot; a second at Beltenmount, of which Miss 
Beattie, residing at Annan, is proprietrix; and a third at Rigg, in the 
parish of Gretna, which is owned by Lord Mansfield. The first and 
second are used for the purpose of meal mills, but the third is not used 
for milling purposes at all, the mill in connection with it having been 
done away with a number of years ago, and the mill lade allowed to 
silt up. It would seem, therefore, that it is simply an obstruction to 
the passage of salmon, and that any person having the right of salmon 
fishing in the river may sue for its removal. In the case of the cauls 
at Kirtlebridge and Beltenmount the provisions of the Commissioners’ 
bye-laws (Schedule G, 31 and 32 Vic. cap. 123) are totally disregarded. 
There are no fish-passes on the cauls, no hecks on the mill lades, and 
the water is allowed to run to waste when the mill is not working, 
instead of being sent over the mill dam as provided in the bye-law. 
The attention of the District Board has been directed to the condition 
of these cauls. 

The Nith District Board have had under consideration the best Nith. 
method of dealing with some of the dam dykes which at present 
greatly obstruct the passage of salmon to the upper waters. By the 
direction of the Fishery Board I attended a meeting of the District 
Board when these matters were being discussed, and subsequently made 
an inspection of the river from Sanquhar to Dumfries, and of the 
various tributaries flowing into it. 

In point of size the Nith ranks as one of the largest of the 
second-class salmon rivers of Scotland. But its salmon fishings, 
judged by their rateable value (see Note V.) would seem to be among 
the least productive, if those of such rivers as the Clyde, in which 
salmon are entirely extinct, are excluded. Nor is this surprising, 
seeing the difficulties with which the parent salmon have to contend in 
ascending the river and the large extent of spawning ground from 
which they are entirely excluded. During the open season compara- 
tively few salmon escape capture, owing to the serious obstruction 
caused by Dumfries cauld and to the netting which, I am informed, is 
prosecuted in the confined waters below. During the close season those 
salmon which succeed in ascending Dumfries cauld are cut off by impas- 
sable obstructions from the spawning grounds in most of the tributary 
streams. In fact, since I first visited Sand’s river in 1883, I have not 
seen a salmon river where greater difficulties have been placed in the 
way of salmon reaching the natural spawning streams, or where, 
if steps were taken for the improvement of the fishings similar 
to those adopted on Sand’s river, they would be more likely to 
lead to the same successful results. The steps referred to are 
described in Note II. of the Eleventh Annual Report of the Fishery 
Board for Scotland, Part II., and the results up to and including 1893 
in Note VI. of the Board’s Thirteenth Annual Report. Since 1893 the 
improvement of the fishings is even more marked than before. With 
regard to these steps and their results, it is sufficient to say here that 
the facilitating of the passage of fish over the several obstructions and 
the placing of the net fishing under such regulations as enabled a 
portion of every run of fish to reach the upper waters and secured 
their protection when there, was followed by the net fishings yielding 
nearly three times the quantity of fish which they formerly did; whilst 
first-rate angling was obtained in the river, where previously only few 
fish were caught. The account given in these Reports, as well as that 
given with regard to the Dee (Aberdeenshire) and the rivers of the west 
coast of Sutherlandshire on pp. 7 and 8 of the Fourteenth Annual 
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Report, are worthy of the careful consideration of the proprietors of the 
salmon fishings in the river Nith. 

In the following table is given a list of the principal obstructions, 
together with the name of the tributary on | whieh they are situated :— 


Obstruction. 


Dumfries Cauld 
Closeburn Mill Dam 
Carron Foot ,, 
Holestane ES 
Enterkin af 
Menock a 
Crawick Upper Dam 
a Lower ,, 


Euchan Mill Dam. 


Cairn 
Shinnell 5 
Cluden FY 


Cluden Cruives 


Stream. 


Nith. 


} | Cample Water. 
| 


. | Carron Water. 


29 


Enterkin Burn. 


Menock Water. 


Crawick Water. 


is; 2” 


Euchan Water. 


é | Scaur Water. 
Shinnell Water. 


Cairn Water. 


Remarks. 


Salmon-pass not in accordance with 
regulations in bye-law (Sch. G). 
Bye-law (Sch. G) entirely dis- 

regarded. Mill disused. 
Bye-law (Sch. G) entirely dis- 
regarded. Total obstruction. 
Bye-law (Sch. G) entirely dis- 
regarded. Total obstruction. 
Bye-law (Sch. G) entirely  dis- 
regarded. Total obstruction. 
Bye-law (Sch. G) entirely dis: 
regarded. Mill disused. 
Bye-law (Sch. G) entirely dis- 
regarded. 

Do. 


Fish-pass not in accordance with 
regulations in bye-law (Sch. G) 
Mill disused. 

Fish-pass not in accordance with 
regulations in Bye-law (Sch. G). . 

Bye-law (Sch. G) entirely dis- 
regarded. 

Do. 


Not constructed in accordance with 


regulations in bye-law (Sch. F). 


Cruden Rocks Mill Dam ce Partly natural. Practically impas- 


sable. 
Delgoner Meal _,, is Bye-law (Sch. G) entirely dis- 
regarded. 
he Saw Os fs _ Do. 


In but three of the fifteen mill dams above enumerated has any 
attempt been made to comply with the provisions of the bye-law. The 
fish-pass on the Dumfries cauld at present lacks one of the chief 
requisites of success—viz., an attractive entrance in a proper position. 
Further, the fall from one pool to another is greater than is desirable 
in a properly constructed pass, while the pools are not of sufficient 
depth. The fish-pass on the Cairn mill dam does not afford a free 
passage to fish in terms of the bye-law, and falls short of its manimwmn 
requirements in the following respects, viz.:—First, the upper sill of 
the pass is level with the crest of the dyke instead of being not less 
than six inches below its lowest part; second, the gradient of the pass 
is steeper than five horizontal to one perpendicular; aid third, the foot 
or entrance to the pass projects beyond the toe of the dam. The down 
stream face of the mill dam on the Euchan, instead of sloping at a 
uniform gradient throughout, is made in four steps, and the fish- 
pass is formed by dishing or hollowing out a pool in each step. But 
owing to the pools being too shallow, and the steps too high, fish would 
have great difficulty in ascending. Further, there is no cutting in the 
crest of the dam where these pools are situated, and the gradient of 
the fish-pass is steeper than the maximum permitted in the bye- 
law. In the case of the other mill dams in the district no 
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attempt has been made to carry out the regulations contained in the 
bye-law. With regard to the cruive ‘at Cluden, I am informed 
that the proprietor holds, as was held by the proprietor of the cruives 
on the Deveron previous to the recent decision in the Court of Session 
(Duke of Fife and others, 1897), that, in virtue of his titles and of the 
proviso at the end of Section 6 of the Salmon Fisheries (Scotland) Act, 
1862, he is entitled to maintain and use his cruive in the form in which 
it has been maintained from time immemorial. According to this 
decision, however, it would seem that cruives must conform to the 
regulations contained in the bye-law, unless a right under charter to 
any particular size or description of cruive can be shown. I have been 
in correspondence with the District Board as to the alterations which 
are necessary to provide a free passage for the fish over these 
obstructions. 

It is satisfactory to note that there seems a general movement on the Immediate 
part of proprietors of salmon fisheries towards amalgamating the con- lactate ee) 
flicting interests which have hitherto stood in the way of regulations romilations 
being adopted for the protection of a proportion of every run of should not be 
salmon. During last year steps have been taken in this direction in e*Pected. 
the districts of the Kyle of Sutherland, the Deveron, and the South 
Esk, either by lengthening the weekly close time, by removing obstruc- 
tions, or by abolishing netting in confined waters; while similar 
steps have been carried out in other districts in previous years, or are 
still under consideration. The evidence which I have put forward from 
time to time in my reports to the Board (Eleventh Annual Report, 
pp. 11 and 59; Thirteenth Annual Report, p. 82; and Fourteenth 
Annual Report, pp. 7 and 8) seems to show that, in those districts 
where this principle has been adopted, it has been followed by thie 
improvement of the fisheries both in the tidal as well as in the non- 
tidal waters. Those, however, who expect great and immediate results 
will probably be disappointed. Nothing seems to be surer with regard 
to the effect of regulations for the improvement of the fisheries than 
that the result only shows itself by good years becoming better and bad 
years not so bad; and, further, that the full benefit of such regulations 
is not felt until eight or ten years after their introduction. Thus, if 
the statement of the number and weight of the fish caught at the 
salmon fishings belonging to the Aberdeen Harbour Commissioners be 
studied, it will be seen that in only two, out of the first nine years after 
the new regulations were adopted, did the yield of fish exceed 100,000 Ibs., 
whereas in the subsequent seventeen years it only fell short of that 
quantity in four years (p. x., ante). On the Ballisodare River in 
Ireland, where an entirely new salmon fishery was created by opening 
up the obstructions at the mouth and allowing the fish to have free 
access to the spawning grounds above, it seems to have been eleven year's 
before the fisheries were fully established (Tenth Annual Report, p. 11). 
On the Galway River, where Mr. Thomas Ashworth enormously increased 
the value of an existing fishery by opening up a large extent of spawn- 
ing ground by means of ladders, it was nine years before the marked 
increase became apparent (Tenth Annual Report, p. 13). On Sand’s 
River in Norway the average annual take of fish in the ten years 
following the adoption of the new regulations was not half what it has 
been in subsequent years (Eleventh Annual Report, p. 59). The 
evidence afforded by these examples would seem to show that no 
immediate results are to be looked for from any regulations which may 
be adopted, and that proprietors should not be discouraged even though 
no improvement is apparent for nine or ten years. 


Artificial 
Hatching of 
Salmon. 
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In the Bulletin of the United States Fish Commission for 1896 
(Vol. XVI.), Mr. Livingstone Stone, who has been connected with the 
fish-hatching operations on the Pacific Coast since their earliest com- 
mencement, furnishes an interesting and instructive report on the 
salmon-breeding work of the United States Fish Commission on that 
coast. He gives a brief history of the hatching operations at Baird 
Station, California, from 1872 to the present time, and describes the 
growth of the hatchery, the means adopted for capturing and retaining 
the breeding salmon, the packing and shipping of the eggs, and the 
vicissitudes of each season’s spawning operations. 


From 1872 to 1883 inclusive, eggs from the Baird Station were for the 
most part transported across the continent of America and the fry 
deposited in the rivers flowing into the Atlantic. With regard to the 
result of this experiment Mr. Stone writes as follows, viz.:— 


‘When the work of the United States Fish Commission in salmon breeding 
‘‘was begun on the Pacific Coast, it was supposed that that coast had enough 
‘‘salmon to spare, and it was the intention of the Commission to increase the 
‘‘salmon on the Atlantic Coast by restocking its depleted salmon rivers. The 
‘‘highest hopes were entertained of doing that after it had become an accom- 
‘* plished fact that millions of salmon eggs had been procured on this coast, and 
‘‘that they had been safely transported across the continent to the Atlantic 
‘‘rivers. I doubt if there was one person who heard about it in America, whether 
‘‘interested in fish culture or not, who did not believe that salmon were going to 
‘* become abundant again in the Atlantic rivers on account of the introduction of 
‘* Pacific Coast fish ; and not only this, but many persons believed that several 
‘*Southern rivers that had never had any salmon in them before, would become 
‘* prolific salmon streams, when they were well stocked with this new Californian 
“*salmon that abounded in warm latitudes on the Pacific Coast. That this did not 
‘prove to be the result was a stupendous surprise and disappointment. The eggs 
‘‘hatched out beautifully. The young fry, when deposited in the fresh-water 
‘* streams, seemed to thrive well, They grew rapidly, and when the proper time 
“*came were observed to go down in vast numbers to the sea. What afterwards 
‘** became of them will remain forever an unfathomable mystery. Except in rare 
‘‘isolated instances, these millions of salmon were never seen again. What 
‘became of them? Where did they go? Are any of them still alive in the 
‘‘boundless ocean? Or are they all dead? And if they are dead, what killed 
‘“*them? Much as this information has been desired, there lives no one who can 
‘* answer these questions. Some have thought that they wandered off to the far 
‘* North, and so became lost to the civilised world. Others that they strayed out 
‘*into the ocean and were devoured by marine animals and larger fish. Professor 
‘* Baird once jokingly remarked to the writer that he thought they had found an 
‘‘underground passage beneath the continent, and had returned by it to the 
‘*Pacific. One thing is certain, and that is that these millions of salmon have 
‘* disappeared as completely from the Atlantic Ocean and its tributaries as if they 
“*had been devoured years ago by the monsters of the deep.” \ 


The result of this experiment would seem to be of more than ordinary 
interest when it is taken into consideration (1) that in ten years, viz.:— 
from 1872 to 1881 inclusive, 31,193,000 eggs were transported from Baird 
Station on the M‘Cloud River, and 22,504,035 young fry were actually 
introduced into the rivers on the Atlantic seaboard (op. cit., 228), and 
(2) that Salmo quinnat did not previously exist in the Atlantic rivers, and 
that had, therefore, any appreciable number returned as adult salmon 
they could hardly have escaped notice. 


With regard to the value of artificial hatching as a means of main- 
taining the productiveness of existing fisheries, Mr. Livingstone Stone 
states :— 


‘‘That although Nature has evidently designed that the quinnat salmon shall 
‘not take up its abode on the American shores of the ‘Atlantic, the breeding of 
‘‘this fish seems to serve a legitimate and useful purpose in keeping up the supply 
“* of its species in its native waters of the Pacific Slope ; especially in view of the 
‘‘enormous drafts made upon these fish by the canneries and by the yearly 
‘“ increasing consumption of fresh and salted salmon.” 
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Mr. Stone’s remarks on this point must necessarily carry little weight, 
as the result of any attempt to increase the productiveness of existing 
fisheries must always be doubtfuleven when statistics are available over 
long and consecutive periods of years; but when, as in this case, the 
alleged results are arrived at by comparison of the yield of the fisheries 
in a few selected years no value can be attached to them (op. cit., p. 229). 

The report § of the investigations conducted at the Research Laboratory Salmon Fishery 
of the Royal College of Physicians by Dr. Noél Paton and his colleagues vestigation, 
into the life-history of salmon in fresh waters, referred to in my last 
Annual Report, was issued as a separate paper, and presented to both 
Houses of Parliament on 8th March last. This report forms a most 
valuable addition to our knowledge, it throws important light on several 
questions of great practical interest, and should assist greatly in fur- 
nishing exact information on which to base regulations for the improve- 
ment of the salmon fisheries. Since these investigations form part of a 
plan of investigation begun in 1894 with the object of ascertaining the 
value for breeding purposes of fish entering the rivers at different seasons 
of the year, it would not seem out of place at this time to consider very 
briefly how the facts which have been ascertained bear on this subject. 

Professor Meischer Ruesch, of Basle, seems to have been the first 
authority to make a systematic study of the question. The salmon 
examined by him were mostly caught in the neighbourhood of Basle, in 
Switzerland, over 500 miles from the sea.* The observations begun by 
him were, in part, continued by Dr. Hoek,? Scientific Adviser on 
Fisheries to the Dutch Government, who examined the condition of 
salmon taken at the mouth of the Rhine, and corrected several of the 
conclusions Professor Meischer Ruesch had erroneously arrived at, owing 
to his want of data as to the condition of salmon in, or just after 
leaving, the sea. The investigations made by Mr. Grey in 1894 and 
Mr. Tosh in 1895,+ at Berwick-on-Tweed and Kelso, enabled it to be 
seen how far those made on the Rhine are likely to apply to salmon in 
this country, and paved the way for the important work$ which has 
been carried out during 1896 by D. Noél Paton, James C. Dunlop, 
A. Lockhart Gillespie, G. Lovell Gulland, E. D. W. Greig, 8S. C. 
Mahalanobis, and M. T. Newbiggin. The salmon examined by Dr. 
Noél Paton and his colleagues were procured simultaneously from the 
mouths and upper waters of rivers, thus enabling the fish from the 
former locality to be compared with those from the latter. 

The object of these investigations has been (1) to trace the growth of 
genital development in salmon, both in the sea and in fresh water, from 
its earliest commencement to its fully ripe condition ; (2) to determine 
the source from which the material used in the construction of the 
genital organs, and from which the energy required by fish in ascending 
rivers and during their sojourn there, is derived ; and (3) to ascertain 
the difference in the length, weight, condition of muscle, genitalia, or 
other organs in fish coming in from the sea, and in fish which have 
reached the upper waters, respectively, with the view of seeing whether 


* Statistische und biologische Beitrage yur kenntniss von heben das Rhein- 
lachses im Sussvater. Dr. F. Meischer Ruesch, Prof. d. Physiol. in Basel. 
Publishers : Druck von Metrjger & Wittig, Leipsig. 

+ Rapport over Statistische en biologische onderzoekingen ingesteld met behulp 
van in Nederland gevangen Zalmen. Dr. P. P. C. Hoek, Wetenschappelijk 
Adviseur in Visscherijyaken. 

~ Appendices to Fourteenth Annual Report of the Fishery Board for Scotland, 
Part II., pp. 9 to 31. 

§ Report of Investigations into the Life-History of Salmon in Fresh Water. 
Edited by D. Noél Paton, M.D., Superintendent of the Laboratory of the Royal 
College of Physicians of Edinburgh. 
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the difference is sufficiently marked to enable the former to be 
distinguished from the latter and to afford a guide as to the date of 
the immigration of the latter from the sea. 

The evidence which has been adduced may be divided under two- 
heads, viz. :—First, as to the question of whether salmon entering the 
rivers in spring can develop ripe ova and milt without revisiting the 
sea; and, second, whether they do remain in fresh waters until the 
spawning season, and, if so, whether they form the breeding stock in 
the head waters of the rivers, leaving the lower reaches for the later 
arrivals. 

With regard to the first question :— 

1. The greater weight of the genital organs in ‘“ clean ” salmon taken 
in March and April, as compared with those in kelts, shows that the 
growth of these organs has already begun in fish coming in from the 
sea in the early months; and the gradual increase in the weight of these- 
organs in every succeeding month, that growth proceeds with great 
regularity until maturity is reached. Every different stage of develop- 
ment seems to be represented in the specimens which have been 
examined, and the small size of the genital organs in the early months 
would seem to be simply due to their being at that time in the earlier 
stages of development (Fourteenth Annual Report, pp. 14 and 16 ; 
Special Report, pp. 68, 72, and 74). 

2. The greater weight of the genital organs in fish taken in the upper 
waters, as compared with those in fish taken at the mouth in the same 
period, denotes that not only has development not been arrested in fish 
which entered the fresh water early in the season, but on the contrary 
that it has advanced further in them than in the later arrivals (Special 
Report, pp. 68 and 72). 

3. The experiments conducted on the river Aaensira in Norway show 
clearly that salmon entering the fresh water in June, when the genital 
organs in females are one-tenth, and in males one-thirteenth, of their 
ripe weight, can develop ripe ova and milt without revisiting the sea 
(Twelfth Annual Report, p. 55; and Fourteenth Annual Report, p. 14). 

4. The diminished weight of fats and proteids in fish taken in the 
upper waters in October and November as compared with fish coming 
in from the sea between May and August, the atrophied condition of 
the lining membrane of the stomachs and intestines, and the very low 
digestive power of these organs, show that the material used in the 
construction of the genitalia and the source of energy required during 
the sojourn of the fish in fresh water are derived from the fats and 
proteids stored in their bodies, thus making them independent of food 
while in the river (Special Report, pp. 13, 23, 36, 93, 120, and 170). 

With regard to the second question, Dr. Noél Paton draws a*tention, 
in the first place, to the length of the fish supplied from the upper and 
lower waters respectively (Special Report, pp. 68 and 75). He points 
out that ‘the length of the fish coming to the mouth of the river is 
“practically the same from May to August. But in October and 
‘“‘ November a markedly larger class of fish appears in the estuaries. In 
‘the upper reaches, however, the size of the fish remains constant until 
“October.” Since, in the case of the fish he examined, fish of a particular 
size were asked for, the circumstance of large fish being sent from the 
mouth and small fish from the upper waters does not prove that large 
fish were not present in the upper waters, or that they might not arrive 
there a few weeks later. But it does appear to show that fish of the 
desired size were not coming in from the sea in October and November, 
which conclusion is supported by the figures given in Tables I., [T., and 
XI. (Special Report, pp. 10, 11, and 69), and that the smaller class of 
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fish, therefore, which were present at that time in the upper waters 
must have entered the river, at any rate, before tlhe end of August. It 
also seems to lay the foundation for the complete solution of the 
question of whether the early fish form the breeding stock in the upper 
waters, leaving the lower reaches for the later arrivals, For, if it is the 
case, as these “investigations seem to show, (1) that there is a marked 
difference in the size of fish entering the rivers in different periods of 
the year (Special Report, pp. 10 and 69), and (2) that they do not 
increase in length during their sojourn in fresh water (Special Report, 
p. 171), then, given the average length of fish entering the river in 
each period, and that of fish frequenting the different tributaries or 
parts of the main river at spawning time, it will be possible to show 
whether or not fish frequenting any tributary, or part of the main river, 
correspond in length with those entering the river in any particular 
season of the year. 

Dr. Noél Paton refers in the second place to the very marked difference 
in the weight of the muscle of fish in the upper waters in October and 
November, as compared with those coming in from the sea, as an 
indication that the immigration of the more muscular fish from the sea 
to the upper water practically ceases in the autumn (Special Report, 
p. 75). But,as was pointed out when discussing the length of fish 
taken in the upper waters, the fact of fish with greater muscular 
development not being sent from the upper waters for examination does 
not prove that they were not there, seeing that the fish sent were 
selected of a particular size, and, as has been shown, the more muscular 
fish coming in from the sea in the autumn were larger than was 
required, and would probably, therefore, not have been sent so long as 
the smaller-sized fish were procurable. 

The marked difference in the muscular development of the upper and 
lower water fish respectively does, however, appear to tell strongly against 
the theory of any general to-and-fro migration between river and sea. If 
it is the case, as these investigations seem to show, that salmon continue 
to feed in the sea, and cease feeding, or, at any rate, in utilising any 
food which they swallow, after they enter the rivers (Special Report, 
p. 171), then it follows that the longer they remain in fresh water the 
greater will be the loss of muscle. If, therefore, any such to-and-fro 
migration were general, we should expect that the amount of muscle 
expended in reaching the upper waters would in each period have been 
about the same, and not, as is shown in Table VII. (Special Report, 
p. 67), that the differences in the weight of the muscle between fish 
taken at the mouth and those taken in the upper waters should become 
more and more marked as the season advances. The ever-increasing 
difference as the season advances in the weight, weight of muscle, and 
weight of solids in the muscle would seem to indicate that, even if some 
of the more muscular fish coming in from the sea in the autumn ascend 
_ to the upper waters, and some of the salmon which entered the rivers 
early in the year return again to the sea, among those frequenting 
the upper waters from May to November there are a large number 
which remain there drawing upon the material stored in their bodies 
for the construction of their ovaries and for their supply of energy 
(Special Report, pp. 66, 77, and 86). 

_ Lastly, the marked difference which is shown in the weight of the 

ovaries in upper-water as compared with lower-water fish seems to show 
that the same fish are not passing to and fro between river and sea, but 
rather that the fish supplied from the upper waters in October and 
November with the large weight of genitalia and the small muscular 
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development are the fish which ascended the river in the earlier 
months, and which would spawn at a somewhat earlier date than those 
supplied in the same months from the lower waters ; and an analysis 
of the average weights of the muscle and of the ovaries strongly 
supports such a conclusion (Special Report, pp. 68 and 77). 


I have the honour to be, 
Your obedient Servant, 


WALTER E. ARCHER. 


THE FISHERY BOARD FOR SCOTLAND, 
15th April 1898. 
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BN. Bae LE: 


THE FOLLOWING QUERIES HAVE BEEN SENT TO 
CLERKS OF DISTRICT BOARDS :— 


Take of Fish— 
1. Has the take of fish in your district in 1897 been above, about, or below 
the average— 
(a) In tidal waters ? 
(6) In fresh waters ? 
(c) In fixed engines ? 
(d) Generally throughout the district ? 


2, Can you give the number of fish caught in your district, exactly or 
approximately— 
(a) By net and coble? 
(6) By fixed engines ? 
(c) By rods? 


3. At what period of the year in your district during 1897— 
(a) Were the first clean fish taken ? 
(b) When was the main take of salmon ? 
(c) When did the grilse and sea-trout run ? 


4, In order that accurate records be kept as to whether the run of salmon in 
your district is becoming earlier or later, it is desirable that you should, 
if possible, obtain and furnish me with statistics of the percentage of 
fish taken in each month— 

(a) By net and coble ? 
(b) By fixed engines ? 


5. What was the weight of the heaviest salmon or trout caught in your 
district in 1897— 
(a) By net and coble ? 
(b) By fixed engines ? 
(c) By rods? 


Protection— 
1. Please state the amount of the eral: rental of your district in 1897 ? 
2. What was the assessment levied thereon during this year ? 
3. State the number of water bailiffs employed in your district in 1897 ? 
4, Were any prosecutions instituted under the Salmon Fishery Acts in 
1897? If so, for what offences were they instituted, and what was the 
result ? 


Obstructions to the Passage of Fish— 
1. Give full particulars. of any dams destroyed or given up in your district 
in 1897 ; or any new dams built or old dams altered ? 
2. Have any cruives in your district not been fished during 1897 ? 
3. Are the dams and cruives in your district worked in accordance with the 
provisions of the bye-laws (Schedule F and G) regulating the same ? 
4, Have any fish-passes been built or altered in 1897 ? 
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5. Do the existing fish-passes afford at all, or any, or at what times a free 
passage to salmon wishing to ascend ? 

6. Have any natural obstructions been opened up during 1897 ? 

7. Generally, have any acts been done, either by new fisheries being started, 
old fisheries not being used, or in any other way, whereby the ascent 
of fish has been influenced? If so, state fully what changes have taken 
place. ; 


Pollutions— 
1. Were there any fresh causes of river pollution introduced in your district 
in 1897 ? 
2. Were any steps taken in 1897 to remove causes of pollution; and if so, 
were they attended with success ? 


The Salmon Disease— 

1. Has the salmon disease shown itself in your district this year? If so, 
when did it first make its appearance? When was it at its height ? 
When did it disappear ? 

2. What was the level of the river during the prevalence of the salmon 
disease ? 

3. Can you state the number of diseased salmon taken from the river in each 
month, specifying what proportion was male and what female, what 
kelts, and what clean fish ? 

4. Generally, have you any remarks or suggestions to make with regard to 
the salmon disease ? 


The Spawning Season— 
1. What was the earliest date, during the season of 1896-97, on which 
salmon were noticed spawning ? 
. Between what dates did the greatest number spawn ? 
. When did the spawning season#finish ? 
. What was the level of the river during the spawning season ? 
. Were the numbers of spawning fish more or less than usual ? 
. Which are the principal spawning streams in your district ? 


co bo 
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Kelts — 
1. Un what date, during last season, were kelts first noted migrating sea- 
wards ? 
2. When did the chief migration take place ? 
3. When was the river free from kelts ? 
4. What was the level of the river during the period kelts were migrating ? 


Smolts— ; 
1. On which dates, during the year, were smolts noticed migrating ? 
2. Was it a good smolt year ? 


Artificial Propagation of Salmon— | 
Is there any hatchery in your district for the artificial propagation of salmon 
and trout, either belonging to the District Board or supported by private 
enterprise? If so, describe its situation, and state how many fish can 
be hatched out in it annually. 


Proportion of Male to Female Salmon— 
Can you state the proportion of the male to the female salmon in your district 
or river, specifying whether your return, so far as it goes, is based upon 
an estimate or on actual enumeration ? 


General Question— 
Are there any other points relating to the salmon fisheries in your district 
to which you would wish to direct the attention of the Board, in 
addition to those suggested by the preceding queries ? 
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ANSWERS TO THE FOREGOING QUESTIONS. 


THE DISTRICT OF THE RIVER FORTH. 


No answers have been received. 


THE DISTRICT OF THE RIVER TAY. 


‘Take of Fish— 
1. Below average in all waters. 
2. No, 
3. Clean salmon at all periods of the year. 
4, Quite impossible. 
5. (a) 57 lbs.; (b) 53 lbs.; (c) 53 lbs. 


Protection— 

1. £17,869 3s. 4d. 

2. 8 per cent. = £1,429 10s. 6d. 

3. Twenty. 

4, Usual results for illegal fishing by nets, burning the water, cleeking, ete. ; 
nearly all convicted. 


‘Obstructions to the Passage of Fish— 
. No change. 
. No change. 


TIS OUR 9 bo 
4 
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Pollutions— 

1. The growth of population and works slightly increased. 

2. Yes; by County Council at Aberfeldy. They are going to filter the 
refuse at Aberfeldy, also at Blairgowrie. 


‘The Salmon Disease— 
1. Early in November; at height about January; disappeared in June. 
2. At all levels. 
3. No. 
4, I wish I could solve it. 


The Spawning Season— 

. Towards end of October. 

2. From 10th November till 10th December. 
3. Chiefly over early in January. 

4, Mostly nearly normal for season. 

5. Below average. 

6. Tay, Earn, Lyon, and Tummel 


Kelts— 
1. 7th November. 
2. April and May. 
3. June. | 
4. They go down the Tay at all levels; smaller streams require a flood to 
give water enough. 
C | 


— 
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Smolts— 
1, Late in March. 
2. Considered above average. 


Artificial Propagation of Salmon— 
There is a salmon hatchery at Dupplin on Earn belonging to District 


Board. Hatches 570,000 ova. 


Proportion of Male to Female Salmon— 
Mere speculation ; not one fisherman in a hundred can tell the difference 
between the male and female in a spring salmon until it is opened. 


THE DISTRICT OF THE RIVER SOUTH ESK. 


Take of Fish— 
1. Below the average in all cases. 
2. No; have no means of getting this information. 
3. (4) 16th February; (b) July and August; (c) July and August. 
4, Impossible for us to supply this information. 
5. (a) and (6) 48 lbs.; (c) 30 lbs. 


Protection— 

1, £3,507. 

2. Ten per cent. on rental. 

3. Nine. 

4, Yes; six prosecutions. Chiefly for dragging and illegal use of 
instruments in catching salmon. One case, for breach of weekly 
regulations, raised against tenants of fishings, found not proven as. 
against tenants, by Sheriff Campbell Smith, but on appeal to High 
Court, reversed. Tenants found proper parties to be prosecuted under 
24th Sec. of 1868 Act. Convictions obtained in all the other cases. 


Obstructions to the Passage of Fish— 

1. No dams destroyed or given up, and no new dams or old dams altered. 

2. No cruives fished in 1897. 

3. Dams generally worked in accordance with bye-laws. Some improve- 
meuts about to be made in some of dams. Only cruives in district 
are at Brechin Castle, but have been closed for some years under 
certain conditions stated in an agreement between town of Brechin 
and their tenants of mills and Earl of Dalhousie. 

4, No. 

5. Fairly good passage. 

6. No. 

7. Ascent of fish to upper waters improved in consequence of an agreement 
between Earl of Southesk and proprietor of dam and upper pro- 
prietors, whereby netting of river on fishings has been stopped for 


period of years. 


Pollutions. 
1; No. 
2. No. 


The Salmon Disease— 
1. Yes; first observed 15th April; at height about middle of May;: 
scarcely disappeared. 
2. Fair ordinary size. | 
3. From 15th April to 15th May 21 clean salmon taken out of river—12 
males, 9 females; also 65 kelts—35 males, 27 females. | 
4 ; 


, ING. 
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The Spawning Season— 


1. 18th November, 1896. 

2. November and December, 1896. 

3. 14th January, 1897. 

4, Hight inches above normal size. 

5. Less. 

6. Kinnaird, Finavon, Tannadice, Craigessie, and all above. 
Kelts— 

1. 5th March. 

2. Between 23rd March and 14th April. 

3. 14th June. 

4. About 2 feet above usual size. 
Smolts— 

1. From 31st May until 5th July. 

2. Yes. 


Artificial Propagation of Salmon— 
None. 


Proportion of Male to Female Salmon— 
About equal. 


General Question— 
Nothing occurs worthy of mention, 


THE DISTRICT OF THE RIVER NORTH ESK. 


Take of Fish— 


— 


. (a), (b), (c) and (d) All below the average. 


2. (a), (6) and (c) No. 

3. (a) 16th February ; (b) and (c) June and July. 
4. (a) and (6) Cannot give statistics of percentage. 
5. (a) 26 lbs.; (0) 38 lbs.; (c) 384 lbs. Salmon. 


Protection— 


i 
2. 
3. 
4, 


£6,579. 

£A77. | 

Thirteen bailiffs and one superintendent. 

One ; fishing with net during annual close time for nets. Convicted. 


Obstructions to the Passage of Fish— 
1. None. 


. No cruives. 
. The Craigo Dam is not worked in accordance with the provisions of the 


Bye Laws, one member dissenting. 
None. 


. The Craigo Pass not at all times. 
No. 


. None. 


Pollutions— 


Fr. 
2. 


None. 
No. 


The Salmon Disease— 


ie 
2. 


September. Diseased fish are occasionally found in the r:ver throughout 
the season, 
Ordinary level. 
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3. About 507 during the year :— 


Male. Female. Total. 
Salmon—Spawned, . ; 231 117 348 
“" Unspawned, 19 7 26 
Grilse—Spawned, . a 43 420 85 
Trout = : P _ ~- 48 
507 


4. No. 


The Spawning Season— 
1. 10th November. 
2. 15th November to 30th December. 
3. 15th January. 
4, About an average. 
5. About an average. 
6. Gannochy, King’s Ford, Pert Ford, Stob Ford, Bothy Stream, Peter’s 
Stream, Bailie Middleton’s Stream, Broad Rack, and Bridge Streams. 


Kelts— 
1. March. 
2, April. 
3. About end of May. 
4. Half-flood and floods. 


Smolts— | 
1. April and May. 
2. Very good. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
Estimate two-thirds males and one-third females. — 


THE DISTRICT OF THE RIVER BERVIE. 


“Take of Fish— 
1. (a), (), (c) and (d) Below average. 
2. (a), (b) and (c) No. 
3. (a) 25th February ; (>) August ; (c) July. 
4, (a) and (b) Cannot. 
5. (b) About 40 lbs. salmon. 


Protection— 
1. £870 13s, 
2. £156 14s, 
3, raiK 
4, One prosecution for breach of weekly close time. Convicted. 


‘ Obstructions to the Passage of Fish— 
1. None. 
2. No cruives. 
4. No. 
5. When river in flood, 
6 and 7. No. 


The Salmon Disease— 
No appearance of disease, 
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The Spawning Season— 
1. November. 
2. November to end of December. 
3. About the end of December. 
4, Ordinary level. 
5. Less. 
6. The main river. 


Kelts— 
1, About the first week of January. 
2. February. 
3. March. 
4, Ordinary level. 


Smolts— 
1. May and June. 
2. Bad. 


Artificial Propagation of Salmon-— 
No. 


Proportion of Male to Female Salmon— 
Estimate about two males to one female. 


THB DISTRICT OF THE RIVER DEE (ABERDIENSHIRE), 


Take of Fish— 

1. Below the average in each of these four cases. 

2. No. 

3. (a) llth February ; (4) April was the best month of the season, the 
grilse season having been poor ; (c) Grilse began to run on 10th April 
—sea-trouts on 11th February. 

4, No information on these points. 

5. (a) 39 lbs.; (b) 45 lbs.; (c) 34 Ibs. 


Protection— 

1. £16,176 5s. 10d, 

2. Six per cent. on above assessable rental. 

3. Twenty-one. _ | 

4, Three prosecutions, implicating 6 men. For having unseasonable salmon 
or poaching implements in their possession. Four of the 6 persons 
implicated convicted, and fined £2 each with expenses. As regards 
the other two persons, case compromised before trial by a payment of 
£2 10s. each. 


Obstructions to the Passage of Fish— 

. No dams. 

. No cruives. 

: a not apply to Dee District. 
0. 


. No passes. 
No. 
. None. 
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Pollutions— 

1 and 2. The Town Council of Aberdeen are at present constructing large 
sewers in the Reclaimed Land, Aberdeen, with combined outfall into 
the river, by which, if their scheme were to be carried out, the sewerage 
of extensive and rapidly growing districts of the city would be drained 
into the Lower Dee, where it is a tidal river. The District Board and 
the individual proprietors of fishings having objected to the proposed 
works and intimated their intention of taking proceedings to prevent 
same from being carried out, negotiations have been and are at present 
going on, under which it is hoped an amicable and satisfactory arrange- 
ment will be come to, whereby injury to the river or fishings will be 
avoided. 


The Salmon Disease— 
1. Very little appearance of disease. Some diseased fish seen early in 
November but disappeared at end of same month when river got larger. 
2. Low. 
3. Only one or two fish taken out and destroyed in November; no record 
kept whether male or female; no clean fish but kelts. 
4. No. 


The Spawning Season— 

1, 17th October. 

2. Upper river between 17th October and middle of November. Lower 
river between end of November and end of January. 

3. Practically at the end of January. 

4, Low at chief spawning time in upper river, but at the best spawning 
time in the lower reaches flooded. 

5. Upper waters less than usual; lower water more than usual. 

6. ee river itself and tributaries of Feugh, Gairn, Muick, Clunie, and 

eldie. 


Kelts— 
1, Always a few after end of December. 
2. In the month of April. 
3. Never quite free, but most free in month of July. 
4, Rather low. 


Smolts— 
1. Early in April. 
2. Fairly so. 


Artificial Propagation of Salmon— 
Board has constructed and maintains a hatchery at Drum, about 11 miles up 
the river. 1,200,000 ova put into the hatchery boxes in 1897, 934 per 
cent. of which were successfully hatched and put into the river. 


Proportion of Male to Female Salmon— 
No information on this point. 


General Question— 
No. 


THE DISTRICT OF THE RIVER DON. 


Take of Fish— 

q: seca the average in each of these four cases. 

Z..No 

3. (a) 11th February; (b) end of July and first days of August; (c) first 
grilse caught 20th April, but a poor grilse season; sea trout 11th 

| February and throughout season, 

4. No information on these points. 

5. (a) 38% lIbs.; (b) 39 lbs.; (c) 493 lbs. 
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Protection— 
1. £3,383 4s. 5d. 
_ 2. 20 per cent. on the assessable rental. 
3. Twenty. 
4. Fourteen prosecutions implicating 22 individuals. The offences were for 
having unseasonable salmon in their possession or poaching implements. 
_All convicted, save in one case found “not proven.” Fined £2 to £5, 
with option of imprisonment for periods of from 7 to 30 days. Only 
one or two paid fine and expenses ; the others went to prison. 


‘Obstructions to the Passage of Fish— 


1. No dams destroyed or given up, nor have any new dams been built or 
old dams altered. 

2, NO; 

3. Yes. 

4, No. 

5. Fish can always ascend when river is high; but when Icw there are 
places on the lower river where, owing to mills and weirs, ascent is 
impossible. 

6. No. 


7. No changes. 


Pollutions— 

1. No fresh causes of pollution were introduced in 1897. 

2. Negotiations between the Board, the Aberdeen District Committee of the 
County Council, and the owners of mills adjoining the river, were 
carried on for some considerable time with the view of disposing 
otherwise of the sewage and mill refuse presently drained into the 
river, but these have now fallen through and the Boards are taking 
steps otherwise to obtain the removal of the causes of pollution. 


‘The Salmon Disease— 

1. A good deal of disease was apparent from October to December caused 
from fish being confined in large numbers in polluted water behind 
mill dykes. Now that the river is higher it has practically 
disappeared. 

2. Very low. 

3. 145 diseased salmon taken from the river and destroyed between 
beginning of October and middle of December; mostly female fish; 
only 1 kelt. 

4. It is believed that the salmon disease in the Don was due to impurities 
from mills, and especially to the abstraction of water by these mills, 
occasionally making long stretches of the bed of the river almost dry, 
thus causing the fish to congregate in hundreds in the deeper poois 
below, where they soon show signs of disease. But for these causes it 
is thought that there would have been little or no disease. 


‘The Spawning Season— 
1. 5th November. 
2. Between the middle and end of December. 
3. Practically finished at end of December. 
4, Rather above average height. 
5. Less. 
6. Chiefly in the river itself; best places at Alford 27 miles up and 
at Kildrummy 37 miles. 


Kelts— 
1. Always a few. 
2. Greatest number in May and June. 
3. Never quite free but mostly so in July. 
4, Small. 


‘Smolts— 
1. Middle of April. 
2. Fairly so. 
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Artificial Propagation of Salmon— 

A small hatchery at Fish Street, Aberdeen, in the premises of the Aberdeem 
Salmon Company, capable of receiving from 50,000 to 60,000 ova. Ova 
actually put in, season 1897 was 45,000, of which 38,000 hatched, and 
put half into the Dee and half into the Don from 10 to 18 miles above: 
Aberdeen. 


Proportion of Male to Female Salmon— 
No information on these points. 


General Question— 
No. 


THE DISTRICT OF THE RIVER YTHAN. 


Take of Fish— 
1. Below the average. 
2. (a) and (b) Information cannot be obtained ; (c) about 200 salmon. 
3. (a) On 25th February; (b) By rod and line in the autumn ; (c) August. 
4. (a) and (b) Information cannot be obtained. 
5. (a4) Information cannot be obtained; (b) salmon 39 lIbs.; (c) salmon 
27 lbs. 


Protection— 
1. £1,293 10s. 
2. Is. 14d. per &. 
3. One all the year round, and four others from October to April. 
4, One—for being in possession of unclean fish; convicted, with £1 11s. 9d. 
of fine and expenses. 


Obstructions to the Passage of Fish— 
None. 

. There are no cruives. 

» Yes, 

: INO: 

. Yes, at all times.. 

. No. 

. Nothing. 
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Pollutions— 
1. No. 
g; No. 


The Salmon Disease— 
1. Yes; first seen 25th December 1896; at height in March 1897; dis- 
appeared in May 1897. 
2. Above the average level. 


3. 
‘ | 
Sg St ee ae Gl dcndlnne wasleie ndeakie 
fz, : 2 : 28 ¢ 3 
Month. ete = a e) a ic z 2 & = E 
° S 5 2 zg Zz a a 3 . 
i) fy = a a Rn 2 a = 
Z ‘a SS 
1896. Lbs. | 
December 1 i 1 i il 
1897. 
January . 17 152 | 17 17 17 
February . 8 53 8 8 8 
March. . 26 245 | 25 1 26 24 2 
April’ aa. : 9 105 9 9 9 : 
Total, . 61 | 51 | 10 | 562 60 1 | 61 | y | 59 | 2 


4. No. 


bo 
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The Spawning Season— 

. First week of November 1896. 

. From 15th to 31st December 1896. 

. About the middle of February 1897. 

. In heavy flood at first and low the latter part. 

Less. 

Ythan, Bronie Burn, Ebrie Burn, Little Water, Fordoun Burn. 


Kelts— 
1 and 2. Not observed. 
3. End of May. 
4, Not observed. 


Smolts— 
1. May 14th. 
2. Ves: 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
Estimated at 5 male to 4 female. 


General Question— 
No: 


THE DISTRICT OF THE RIVER UGIE, 


Take of Fish— 

1. (a) About the average; (b) about the average; (c) below the average; 
(d) below the average. 

2. The number of fish caught approximately is as follows :—(a) About 700 
sea trout; (b) about 2,500 salmon and grilse ; (c) about 70 salmon and 
erilse, and 500 sea trout. 

3. (a) March 4th; (b) August and September; (c) August, September, 
and October. 

4, The salmon fishings are still in the hands of private enterprise, and the 
tacksmen decline to give the information or keep records. 

5. (a) 9 lbs. (sea trout ; (6) 39 lbs. (salmon) ; (c) 285 lbs. (salmon). 


Protection— 
1. £504 10s. 
2. 1s, 1°24d. per £. 
3. Five. 
4, There were no prosecutions last year (1897). 


Obstructions to the Passage of Fish— 

1. There have been no dams destroyed, given up, or altered in any way 
during the year 1897. 

2 and 3. None of the dams or cruives in this district have been worked 
during the year 1897. 

4. None. 

5. The dams at Englishmill and Ravenscraig afford a free passage at all 

. times. The dams higher up the river afford passage only when the 

river is at least half-flood. 

6. None that I know of. 

y Pes (o.8 
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Pollutions— 

1 and 2. It has been suspected for some time that a burn flowing into the 
Ugie was being polluted by deleterious matter running into it near the 
village of New Maud from a sheep-dip near at hand. The pollution 
became more noticeable in the month of November last, and the matter 
was brought before the District Board. Instructions were given to the 
water bailiff to keep a close watch, with the result that the pollution 
was traced to the sheep-dip. Steps were immediately taken to have 
it stopped, and that has now been done. There have been no other 
causes of pollution. 


The Salmon Disease— 
There has been no disease this year (1897). 


The Spawning Season— 
1. November 17th 1896. 
2. Between December lst and 20th 1896. 
3. About the end of December 1896. 
4. Half-flood. 
5. More than usual. 
6. Stonemill, Buthlaw, and North Ugie. 


Kelts— 

. On February 25th. 
. In March. 

. At the end of May. 
. Mostly half-fiood. 


H= CO bo 


Smolts— 
1. Between the middle of April and the middle of May. 
2. An average year. 


Artificial Propagation of Salmon— 
There is a small hatchery, but it has been abandoned, and there are no 
means in use for the artificial propagation of salmon and trout. 


Proportion of Male to Female Salmon— 
It is estimated that the proportion is about 5 males to 3 females, Lut there is 
no reliable estimate. 


General Questions — 
None. 


THE DISTRICT OF THE RIVER DEVERON. 


Take of Fish— 
1. (d) Below the average. 
2. No. 
3. (a) 11th February; (+) In fresh water—February and March; in the sea 
—July and August ; (c) July and August. 
5. (a) 32 lbs.; (6) 42 lbs.; (c) 32 Ibs. 


Protection— 
1. £2,658 4s. 5d, 
2. 2s. 4d. per £. 
3. Nine. 
4. Two persons have been fined for poaching, and another prosecution is 
pending. 
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‘The Salmon Disease— 


1. There was very little appearance of disease. 
be 


Sex. November.) December.| January. | February. March. April. 
Males, . | 17 57 £0: MnP 'BE ph wees Tey 
Females, _ 4 10 | 19 | 20 31 8 

Se SE PTT io re arial TH ae 
otal... 21 | 67 ) 59 46 4] 9 
| | 


The Spawning Season— 

. 19th October. 

. lst November and Ist January. 

. Ist March. 

High. 

. About the average. 

Well distributed over the whole river. 


SOR ow toe 


Kelts— 
1. 28th November. 
2. In April. 
3. 22nd May. 
4. Half-flood. 


Smolts— 
1. 11th and 20th May. 
2. Fair. 


Artificial Propagation of Salmon— 
Yes. One in policies of Duff House, supported by private enterprise, in 
which about 150,000 could be hatched yearly. 


Proportion of Male to Female Salmon— 
No 


General Question— 
Negotiations have been concluded for the removal of the cruive dyke, and 
operations will commence about the 14th of January next. 


THE DISTRICT OF THE RIVER SPEY, 


Take of Fish— 
1. Below average throughout the district. 
2. No. 
3. (a) 11th February; (c) grilse, first appearance in May, and continue until 
August ; sea-trout all over the season. 
5. (a) Salmon, 47 lbs.; (c) salmon, 53 Ibs. 


/ 


Protection— 
1. £9,637 lis. 
2. Qs. 4d. per £, realising £1,124 8s. 1d. 
3. One superintendent, one inspector, eight sergeants, and thirty-five 
constables. | 
4. See Superintendent’s Report (copy of which herewith sent). 


~* 
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Obstructions to the Passage of Fish— 

See Report. 

No. 

As far as possible. 

No. 

Yes, when size of stream suits in volume. 

. A cut or passage at the mouth of the Spey has been re-opened to admit 
of easier access to and from sea. 


STUB ge po 


Pollutions— 
1. Erection of new distilleries and increase of size of old ones. Amount of 
pollution coming down river largely increased. 


2. Court of Session litigation pending, Seafield and others v. Kemp; also- 


action against Benrinnes Distillery Company pending. 


The Salmon Disease— 
See Report. 


The Spawning Season— 
1, 2, 3, 4, 5, and 6—See Report. 


Kelts— 
1. 18th December. 
2. November, December, January, and February. 
3. July till September. 
4. Various 


Smolts— 
See Report. 


Artificial Propagation of Salmon-— 
See Report. 


Proportion of Male to Female Salmon— 
See Report. 


The following is a copy of the Superintendent’s Annual Report for the 


year ending 26th August 1897, submitted to the Meeting of the Spey District 
Board held at Elgin on 22nd October, 1897 :— 


1.—Salmon Spawning. 
The following Table shows the dates of the first appearance of Salmon 


Spawning Beds, and the number seen by bailiffs during the last three 
spawning seasons on the following named streams or tributaries :— 


1894. 

Name of Stream. Spawning Commenced. ee Bed 
Fiddich - - - 29th September 1008 
Avon - : - 10th October 1316 

‘Livet ; ; = 19thebeng 1735 
Conglass - : - 12th i 445 
Lochy : - - 24th 5} 115 
Dulnain - : - 13th 5 638 
Nethy  - : + ust wth % 435 
Druie - - - 138th . 430 
Feshie - : - 15th 5 767 
Tromie - - - 18th me 204 
Truim - - - 15th J 76 
Spey (aboveLaggan, Badenoch) 12th __,, | 45 


TOM, * ne ae ae : 7214 Spawning Beds. 


= 
9 
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1895. } 

Name of Stream. Spawning Commenced. Zi us at eat 
Fiddich - - - Ist October 715 
Avon - = - 15th a 1550 
Livet Z : ~~ “eR 40 2 1300 
Conglass - - - 14th 7 273 
Lochy - : - 14th + 90 
Dulnain - - + Ste Fas 420 
Nethy - - ] Miers, 429 
Druie - - - 15th ie 153 
Feshie - - a «be 812 
Tromie - - 16th ys 158 
Truim - - Sep ire 159 
Spey (above Laggan, Badenoch) 15th __,, 144 

Total, - - . 6203 Spawning Beds. 
1896. 

Name of Stream. Spawning Commenced. te bi sie 
Fiddich  - : - 6th October 292 
Avon - : - 10th = 754 
Livet - - - 14th ‘5 773 
Conglass - - - 14th ‘ 189 
Lochy - - ae: ee 74 
Dulnain - - - 13th ie 868 
Nethy - i as ee 418 
Druie - - - 13th 4 215 
Feshie - - - 129th a 636 
Tromie - - - 1%th 3 210 
Truim - - 14th - 198 
Spey (above Laggan, Badenoch) 10th Bs 151 

Total) +o - - 4778 Spawning Beds 


TABLE OF TEN YEARS’ SPAWNING BEDS. 


Total number of Beds for year 1887 - - . 3,849 
Do. do. 1888 - - - 5,637 
Do. do. 1889 . - . 2,932 
Do. do. 1890 - - - 2,768 
Do. do. 1891 - - - 4,591 
Do. do. TOA Ne’ ct sasha tarsihdin ees 
Do. do. 1893 - - - 4,635 
Do. do, 1894; . : 7,214 
Do. do. 1895 - . - 6,203 
Do. do. 1896 . L 2 4,778 


The decrease in spawning beds for last year when compared with the 
previous year is 1,425 beds. The falling-off in spawning took place on the 
Fiddich and the Avon and Avon tributaries. On the Fiddich the deficiency 
compared with previous year was 423 beds, while upon the Avon and its 
tributaries the decrease was 1,423 spawning beds, giving a total over the two 
tributaries of 1,846 beds. The foregoing figures, however, show that 421 beds 
of an increase for last season had been counted upon the tributaries of Spey 
above Grantown. During the spring and summer of 1896 salmon were 
plentiful in the River Spey and sea coast. The grilse season for same season 
was poor. The salmon fell off towards autumn, and did not run in the river 
again to any extent until November and December. The fish that ran up the 
river during the last two mentioned months were numerous, but these 
spawned on River Spey, principally between the two points of Boat o’ Brig 
and Grantown. This last-mentioned run of fish did not seek into the Fiddich, 
in my idea, for the following reasons :—In the first place, on account of the 
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still existing presence of distillery pollution in this stream, where deposited 
ova, especially in the vicinity of Dufftown, would from this evil be rendered 
useless, It is also very doubtful whether fry hatched in the river above 
Dufftown do not suffer injury or die as soon as they drop down below the 
distilleries. Secondly, on account of the presently existing “ bad draw” for 
ascending fish at mouth of stream. At the junction of Fiddich with Spey 
during the last year or two an accumulation of beach or shingle has lodged on 
the left or Dandaleith side of the river from the railway bridge downwards, 
until below where Fiddich mouth enters, and this beach has had the effect of 
throwing a heavy stream right into the mouth of the Fiddich, or in other 
words, “drowning the draw of Fiddich,” by causing the natural run for 
ascending fish upon Spey at this lees to be upon the easy or Dandaleith side 
of the river, and they are thus led past Fiddich mouth. Formerly, or previous 
to this alteration at Fiddich mouth, large numbers of salmon about to spawn 
found their way into this stream during the months of November, December, 
and January, Avon and its tributaries depend most upon autumn—Sep- 
tember and October—run fish for the middle and lower reaches, and, as I 
have already said, the run of fish fell off during those two months last year. 
The upper Spey tributaries beyond Grantown depend most upon summer run 
fish, and as already noted, this run of fish was exceptionally good. 

The late Mr. Wedderspoon asked me last October to get the Bailiffs to 
count the spawning beds formed and wrought upon on River Spey between Boat 
o Brig and Carron. The Spey during spawning season, in respect of its 
normal flow for a considerable length of time at this season, gave the men a 
favourable opportunity of counting the beds over this district, and their 
respective records were as follows:—On Aberlour section, from Carron to 
Tunnel Pool, 50 beds ; Craigellachie section, from Tunnel Pool to Bulwark, 
153 beds ; Rothes district, from Bulwark to Hollybush, 563 beds; Boat o’ 
Brig section, Hollybush to Boat o’ Brig, 476 beds; upon Burn of Mulben, 
21 beds—total, 1,263 spawning beds. Regarding the weather during the 
spawning season, the absence of high spates and severe frosts was in favour of 
successful hatching results to the deposited ova. Nothing was observed 
among the spawning fish over the tributaries in the way of unevenly matched 
sexes, such as more males than females or vice-versa. 

During the last 25 years the mouth of the River Spey has gradually 
diverged to the extent of nearly a mile westward—that is, from a point of the 
sea beach near the Tugnet premises to west of the village of Kingston. Along 
the said mile the river runs almost westward, and the only barrier preventing 
its running direct into the sea is a wall of shingle about 180 feet wide and 
10 to 12 feet deep. I consider that if the Spey Board gave their attention to 
and agreed to have this wall or barrier cut at a point 200 or 300 yards west 
from Tugnet, and thus allow the river to run “ slap-dash” into the sea, that a 
free and fast run of salmon up the river would be the result. The present 
state of matters at the mouth of the river is certainly a serious barrier to a 
free run of fish up the river at all times, including the weekly ‘‘slap.” At 
present the river enters the sea on a dead level or still running state, thus 
giving no force of fresh water over the bar to entice fish seeking for same to 
enter the river. A cut to make the new run as proposed could be carried out 
for £200. 


II.—Smolt Season. 


During the spring and early summer months of the present year the 
appearance of descending smolts on the River Spey was, like last year, 
exceptionally good. As usual, during present year, from 26th April to 5th 
June—six weeks—eight bailiffs were on duty protecting smolts and salmon 
fry over the River Spey and tributaries, viz., one at Speymouth, one at 
Rothes, one at Dufftown, one at Aberlour, one at Ballindalloch, one on Upper 
Avon and Livet, one at Grantown, and one at Duthil. Twenty-three dozen 
(instead of twelve dozen as formerly) of printed notices cautioning persons 
against killing smolts and parr were posted up over all the district. Trout 
anglers met with by the bailiffs were civil, and willing to show the contents 
of their baskets when asked to do\so. The usual force of bailiffs to protect 
parr went on duty again at the Ist of August. 
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III.—Disease among Fish. 


The fish disease statistics for season 1896-97 were, as usual, noted upon the 
Fiddich. During the last seven years I gave in my annual report the yearly 
percentage of fish dying from fungoid disease upon Fiddich during each 
spawning season, calculating the percentage of dead fish to the number of 
spawning beds counted on the stream during the season. It should, however, 
be noted that as it takes two fish to form a spawning bed, the actual death- 
rate among the spawning fish is only one-half of that given in my percentages. 
During the seven seasons the average death-rate, calculated as above stated, 
was practically 15 per cent. During last season the number of spawning beds 
counted upon Fiddich was 292, and the number of dead or dying fish removed 
was 21, or somewhat over 7 per cent. The previous seven years showed 
percentages varying from 21 down to 8. The returns handed in by bailiffs 
as to burying of dead or dying fish during last season were as follows :— 
December 4th, 1 male salmon; 2nd January, 3 male grilse; 9th January, 1 
male grilse and 2 male salmon; 16th January, 2 male grilse and 4 male 
salmon ; 23rd January, 2 male grilse ; 18th February, 1 male sea trout; 6th 
March, 2 male salmon ; 20th March, 1 male grilse and 1 male salmon; 27th 
March, 1 male grilse—total 21, all of which were males, and all were spawned. 


IV.— Poaching during the Year. 


During the year one case of salmon poaching committed during the annual 
close time was tried before the Sheriff Court at Banff. The accused was 
convicted, and sentenced to pay a fine of £1, with £2 2s, of expenses, or suffer 
7 days’ imprisonment. Other three cases, involving three persons, in which 
the accused while angling during the open time were found by the bailiffs to 
be in possession of parr or salmon fry, were disposed of by having each of the 
three accused brought before a J.P. and admonished. 


V.—Bye-Laws. 

The Bye-Laws relating to dam dykes, mill lades, sluices, hecks, etc., were 
carried out or attended to fairly well by the respective owners of same over 
all the district, during the season. The old meal mill dam dyke on Dullan at 
Pittyvaich, Dufftown—-the mill is now replaced by a distillery—was during 
last autumn reconstructed, and a more improved fish pass built by the 
Distillery Company. 


General Remariis. 


The river and sea coast net salmon fishing opened on 11th February, and. 
closed again for the season upon the 26th August. The carrying out of the 
weekly close time over the district during the season was regularly inspected 
by the Superintendent, the Inspector, and Bailiff John M‘Donald. The 
observance given to the carrying out of the requirements anent the “ weekly 
slap” were regular and sincere on the part of the fishermen and those 
responsible, thus giving no grounds for complaint or notification of infringe- 
ment being made or reported to the Board. 

Another half million of salmon fry, successfully hatched at His Grace the 
Duke of Richmond and Gordon’s hatchery at Fochabers, were during early 
summer put into the river in a strong, healthy state, and at a stage when 
liberty in their natural element should be the best or most essential factor 
during their fry gradational age. I visited the hatchery twice during the time 
that the fry were to be seen therein, and the sight of so many living masses of 
salmon fry was well worth going a long way to see. This extensive hatchery 
was erected and filled in the autumn of 1892 (a small or temporary one, also: 
belonging to His Grace, having been in previous use for some two seasons 
nearer the mouth of the river), consequently the last liberated fry were the 
fifth lot turned out of the Fochabers hatchery. Mr. Thomas Rae, overseer of 
fishings at Tugnet, who has the management of this hatchery, informs me 
that it is meantime proposed to considerably enlarge the hatchery. 

The full force of bailiffs or Spey police is constituted as follows:—The 
superintendent, residing at Aberlour; the inspector, stationed at Grantown ;. 
eight sergeants, and thirty-seven constables, 


GEORGE K. MACGREGOR, Superintendent. 
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THE DISTRICT OF THE RIVER FINDHORN, 


‘Take of Fish— 
1. (a) Below average; (b) below average ; (c) below average; (d) below 
average. 


2. (a), (b), and (c) No. 

3. (a) 11th February ; (b) April and May ; (c) May, June and July. 

4. (a) and (b) Cannot say. 

5. (a) Salmon 36 Ibs.; trout 4 lbs; (6) Salmon 45 lbs.; (c) Salmon 21 Ibs. 
Protection— 

1. £3436. 

2. £345. 

3. Eighteen water bailiffs. 

4. No. 


Obstructions to the Passage of Fish— 
1. No dams in the district. 
2. No cruives in the district, 
3. No dams or cruives. 
4 and 5. No passes. 
6 and 7. No. 


Pollutions— 
A a 0 
2. No pollution. 


The Salmon Disease-— 

. No disease in the district. 
. No disease. 

. No diseased salmon. 

No. 


we oo DO eS 


“The Spawning Season— 
1. Upper district, 18th October; lower district, 19th November. 
2. Upper district, between 26th October and 26th November ; lower district, 
December and January. 

. Upper district, 30th November ; lower district, end of January. 

. Upper district very low; lower district high, 

. About an average. 

6. Upper district between Drynachan and Coignafearn; lower between 
Waterford and Sluie. 


Se we 


Kelts— 
1. Kelts begin to migrate seawards immediately after the spawning season 
is over. 

2. January and beginning of February. 

3. May generally. 

5. Sometimes flood, half-flood, and low. 


ore 


Smolts— 
1. From the middle of March till the end of May. 
2. Very good. 


Artificial Propagation of Salmon— 
No. * 


Proportion of Male to Female Salmon— 
Cannot say. 


‘General (Question— 
No. 
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THE DISTRICT OF THE RIVER NAIRN. 


No answers have been received. 


THE DISTRICT OF THE RIVER NESS. 


Take of Fish— 
1. (a), (b) and (c) average. 
2. About 33,000. 
3. (a) 11th February ; (0) February ; (c) June, July, and August. 
4. Information cannot be obtained. 
5. Salmon, 42 lbs. 


Protection-— 
1. £3488, 
2, 1s. 9d. per £. 
3. Four permanent; three temporary. 
4. None. 


Obstructions to the Passage of Fish— 
' land 2. None 


or ye ow 
A, 
° 


. One fish pass does not afford a free passage for salmon ascending when 
the river is in a low state. 


rel 


No. 
Nothing been done. 


Pollutions— 
1. No: 


The Salmon Disease— 
1. Not this year. 


The Spawning Season— 

. End of October. 

November and January. 

. End of January. 

. Can’t say. 

. About the average. 

. Ness, Garry, Oich, Morrison, Enrich, Quoich. ° 


oS a i 


Kelts— 
1. 11th February. 
2. March and April. 
3. Middle of May. 
4, Can’t say. 


Smolts— 
1. April. 
2. Average. 


Artificial Propagation of Salmon— 
There is a private hatchery at Glenquoich, supported by Lord Burton, 
No salmon are hatched in it. 


Proportion of Male to Female Salmon— 
In the month of December there are four males to one female. 
D 
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THE DISTRICT OF THE RIVER ALNESS. 


Take of Fish— 

1. (a) Slightly below the average ; (b) considerably below the average ; 
(c) no fixed engines in district ; (d) below the average throughout the 
district. 

2. Cannot supply this information. 


3. (a) About 20th February; (b) about middle of July; (c) from middle of 
June to end of August. 
4, Cannot supply this information. 
5. (a) About 30 lbs.; (c) about 16 lbs. 
Protection— 
1. £607 10s. 
2. 6s. per £. 
3. One permanent inspector and four temporary bailiffs. 
4. None. 


Obstructions to the Passage of Fish— 
1. None. 
2. No cruives fished in District. 
3. Yes; in Alness River. 
4. No. 
5. Yes; at all times. 
6 and 7. No. 


Pollutions— 
L. No. 
2. No pollution in river. 


The Salmon Disease— 
No salmon disease in district. 


The Spawning Season— 
1. About 25th October. 
. Between 1st and 12th November. 
. About 25th December. 
. First half very low; end of season in flood. 
. Much less than usual. 
. Upper reaches of Alness River. 


Kelts— 
1. March. 
2. April. 
3. June. 
4. About half-flood. 


D OP W bo 


Smolts— 
1. From 20th April to 19th June. 
2. Fair. 


Artificial Propagation of Salmon — 
The Board have a hatchery capable of hatching over 100,000 fish. It is 
situated in the lower reaches of the river. There is also a private 
hatchery capable of hatching 80,000 fish. 


Proportion of Male to Female Salmon— 
Can’t state the proportion ; but it was noticed that there were more males 
than females on the spawning beds. In the month of October there 
were more females landed by the rod than males. 


General Question— 

The District Board would again direct the attention of the Fishery Board to 
the destruction of fish occasioned by the illegal mode of fishing pursued 
in the Cromarty Firth, and to which reference is made in the Appendix 
to the Fourteenth Annual Report of the Fishery Board (see Part IL, p. 52). 
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THE DISTRICT OF THE RIVER CONON. 


Take of Fish— 

1. (a) and (b) Salmon and grilse below the average ; (c) at three of the 
fishing stations about the average; at the four remaining stations below 
the average; (d) below the average. 

3. (a) On the opening day of the fishing, 11th February; (b) June and July; 
(c) grilse ran from the beginning of May to the close of the fishing. 
The main run of sea-trout is in March and April. Clean sea-trout 
in tidal waters of Conon at all seasons. 

5. (a) Several were caught weighing from 18 lbs. to 22 lbs.; (5) about 
26 lbs.; (c) about 20 lbs. 


Protection-— 

1. 1896-7, £2590. 

2. 1s. 4d. per £. 

3. One permanent inspector and four temporary bailiffs. 

4, Yes; against a crew of fishermen from Cromarty for fishing with a 
small-meshed sweep-net and killing fish of the salmon kind. Conviction 
obtained, and the crew fined 10s. each, with £1 of expenses, or 7 days’ 
imprisonment. 


Obstructions to the Passage of Fish— 

2. The cruives in this district have not been fished in 1897. 

3. There is one dam in this district ; it is not worked in accordance with the 
bye-law, Schedule G. There are two cruives in this district ; they are 
worked in accordance with the bye-law, Schedule F, regulating the 
same. 

5. Yes; at all times. 

7. The Brahan net and cruive fishing have not been worked during the last 
eight seasons, whereby large numbers of salmon and grilse have ascended 
to the angling waters. 


The Spawning Season— 

1. About the 6th October. 

2. Between the 5th and 15th November. 

3. About the middle of December. 

4, From the middle of October to the 15th November the river was down 
to summer level, and during the rest of the spawning season the river 
was in heavy flood. 

5. I noticed that there was a decrease of spawning salmon in the lower 
spawning grounds of the Conon, Blackwater, and Orrin; but in the 
upper spawning grounds of the Conon, and on all the spawning grounds 
of the Meig, the number of salmon on the spawning beds was fully up 
to the average of the last eight spawning seasons. : 

6. There are good spawning grounds in the River Conon from the tidal 
waters, and in the tributaries Blackwater, Orrin, and Meig. 


Kelts— 
1. In the beginning of March. 
2. From the last week of March to the end of April. 
3. About the end of May. 
4. Flood, half-flood, and low. 


Smolts— 
1. March, April, May, and June 
2. Yes ; fairly good. 
Artificial Propagation of Salmon— 
There is a salmon hatchery at Conon Bridge. It partly belongs to Colonel 
M‘Kenzie of Seaforth, and partly to the District Board. Last season 
I hatched a number of ova taken from the River Brora in exchange for 
a like number taken from the River Conon, and the fry, when seven 
weeks old, I transferred to the lower reaches of the Conon. 
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THE DISTRICT OF THE KYLE OF SUTHERLAND. 


Take of Fish— 

1. Much below the average. 

2. The number caught at Bonar Bridge was 7407, and about 10,009 in all— 
excluding fish caught by rod. 

3. (a) On 11th February; (b) April, May, and June; (c) June and July; 
very few sea-trout. 

4. Unable to furnish any information. 

5. One salmon 35 lbs.; (a) by net and coble. 


Protection— 
1, £2731. 
2. 1s. 9d. per £= £238 19s. 3d. 
3. There are 16 water bailiffs. 
4. No. 


Obstructions to the Passage of Fish— 

None. 

No. 

. As far as possible. 

No. 

. When there is sufficient water, and when the rivers are in flood. 

Yes; at Glenmuick Falls. 

. All the fisheries at Bonar Bridge were worked only for five days a week 
during last season, and during the latter part of the season they were 
fished only for 60 hours a week. 


>> OB go pO 


Pollutions— 
1 and 2. No. 


The Salmon Disease— 
1. No. 


The Spawning Season— 
1, 20th September. 
. Between 15th October and the end of November. 
. 20th December. 
. Very low. 
. More than usual. 


Ore te bo 


Kelts— 
1. No record. 
2. In January and February. 
3. In April. 
4, Occasionally in flood. 


Smolts— 
1. 1st April. 
2. No. 
Artificial Propagation of Salmon— 
No. 
Proportion of Male to Female Salmon— 


No. 


General Question— 
No. 
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SUTHERLAND, EAST COAST DISTRICT. 


Take of Fish— 1 

1. (a) Below ; (6) much below, with the exception of the River Brora, 
where it has been slightly over the average ; (c) below; (d) below. 

2. (a) Helmsdale— 351 salmon, 469 grilse, and 72 trout ; Brora—871 salmon, 
238 grilse, and 127 trout; Fleet—20 salmon. (b) 2709 salmon, 4778 
grilse, 627 trout. (c) Helmsdale—507 fish ; Brora—about 300. 

3. (a) January 11th; (b) June; (c) June and July. 

4, (a) March, salmon 15:01 per cent.; April, salmon 25°28 per cent.; May, 
salmon 20°94 per cent.; grilse 4°94 per cent. ; June, salmon 24°5, grilse 
38°06 per cent.; July, salmon 14°4 per cent., and grilse 55:7 per cent.; 
August, grilse ‘01 per cent. (b) February, salmon ‘07 percent. ; March, 
salmon 11 per cent.; April, 14°6 per cent. salmon; May, salmon 36:13 
per cent., grilse 2°7 per cent.; June, salmon 23°5 per cent., grilse 22°9 
per cent.; July, salmon 18:2, grilse 61°6 per cent-; August, salmon 
6°4 per cent., grilse 13 per cent. 

5. (a) 31 lbs.; (6) 40 Ibs.; (c) 29 lbs. 


Protection— 

1. £1855. (Helmsdale angling let with shootings, and £600 apportioned for 
angling rent; but the angling let separately from the shootings would 
let at a much higher figure.) 

2. None. 

3. Four. All keepers bound to assist in watching rivers. 

4. No. 


Obstructions to the Passage of Fish— 
2. There are no cruives. 
4, No. 
5. Yes. 
6 and 7. No. 


Pollutions— 
1. None. 
2. Noe. 


The Salmon Disease— 
1. Very slight ; noticed first in August; still appearance of the disease on 
the Fleet. 
2. Low. 
3. Not more than a dozen altogether this year. 
4. No. 


The Spawning Season— 
1. 10th to 12th October. 
2. 20th to 30th October. 
3. The end of November. 
4. Various, but generally low. 
5. Considerably less. 
6. Brora, Helmsdale, Fleet, and their several tributaries. 


Kelts— 
1. 11th March. 
2. End of March to end of April 
3. End of May. 
4, Low. 


Smolts— 
1. May and June. 
2. Yes. 
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Artificial Propagation of Salmon— 
There is a small hatchery on the Brora, but it is chiefly used for hatching 
Loch Leven trout. 


Proportion of Male to Female Salmon— 
No reliable statistics, but the proportion of males generally found to be the 
larger. When netting for ova the proportion has often been found to 
be five males to one female. 


General Question— 
No. 


SCTHERLAND, NORTH COAST DISTRICT. 
Take of Fish— 


1. (a) and (b) Below the average; (c) and (d) about the average. 
2. (a) and (b) Salmon, 2,184; grilse, 8,138; trout, 206; cannot separate ; 
(c) about 750, no certainty. 
3. (a) February; (b) May; (c) May to August. 
4. No information. 
5. (a) 23 lbs.; (6) 38 lbs.; (c) 27 lbs. 
Protection— 
1 and 2. No assessment. 
3. Six. 
4. No. 


Obstructions to the Passage of Fish— 
1. None. One partially erected at foot of Loch Naver, but not completed ; 
free access for fish still. 

. None fished. 

Yes. 

No. 

Yes. 


TIS OUR gw bo 


No. 
. Nothing. 
Pollutions— 
None. 


The Salmon Disease— 
No disease. 


The Spawning Season— 

. 25th October. 

. 3lst October to 18th November. 

. lst December, a few noticed spawning on 25th December. 
. Medium level. 

Less. 

. Halladale to Grudie. 


Kelts— 
1. 15th March. 
2. April. 
3. May. 
4. Medium level. 


Smolts— 
1. From 10th to 30th May. 
2. Abvut the average. 


ST Oo bo 


Artificial Propagation of Salmon— 
No; but one near, at Sandside, Caithness, capable of hatching 200,000 ova. 


Proportion of Male to Female Salmon— 
About one-fifth more males than females observed during spawning season. 
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SUTHERLAND, WEST COAST DISTRICT. 


Take of Fish— 

1. (a), (0), (c) and (d) Below the average. . 

2. (6) 1,141 salmon, 3,024 grilse, 203 trout; (c) about 150. 

3. (a) Early in June; (6) July and_August ; (c) July and August, by rods. 

4, (b) March—Salmon, 2°27 per cent.; April—Salmon, 5°78 per cent.; May— 
Salmon, 31:72 per cent.; grilse, 2°7 per cent.; June—Salmon, 38°12 
per cent., grilse, 36-9 per cent.; July—Salmon, 20°6 per cent., grilse, 
55°2 per cent.; August—Salmon, 1°4 per cent., grilse, 5°10 per cent. 

5. (b) Not known. (c) Uncertain ; 33 lbs. on the River Inver. 


Protection— 
1. No assessment. 
2. No assessment levied for protection. 
3. Seven keepers, who watch the river. 
4, No. 


Pollutions— 
None. 


The Salmon Disease— 
1. No signs of disease observed. 


The Spawning Season— 

. On November 10. 

. 16th November to 20th December. 

. About the 1st of January. 

. Low to begin with, then medium level. 

. Apparently less. 

. Kirkaig, Inver, Laxford, Inchard, and Dionard. 


Kelts— 
1. About 24th March. 
2. April. 
3. Latter end of May. | 
4, Varying from medium to half-flood. 


Doe Wh 


Smolts— 
1. About the end of April. 
2. No, not very good. 


Artificial Propagation of Salmon— 
There are two hatcheries in the district, one at Inchnadamph, Loch Assynt, 
and the other at Geisgill, near Scourie. About 80,000 fish could be 
hatched out in each annually. 


Proportion of Male to Female Salmon— 
No, not with any degree of accuracy. 


General Question— 
No. 


THE DISTRICT OF THE RIVER BALGAY. 


No answers have been received. 


THE DISTRICT OF THE RIVER TORRIDON. | 


No answers have been received. 
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THE DISTRICT OF THE RIVERS PENNYGOWN 
AND AROS. 


This Board has only recently been constituted, and is not yet in proper 
working order. The Board has therefore had no means of ascertaining 
the information necessary for answering this circular. 


THE DISTRICT OF THE RIVER LUSSA AND RIVER FROM 
LOCH MUISK TO LOCH BUY. 


This Board has only recently been constituted, and is not yet in proper 
working order. The Board has therefore had no means of ascertaining 
the information necessary for answering this circular. 


THE DISTRICT OF THE RIVERS BAA AND GOLADOIR. 


This Board has only recently been constituted, and is not yet in proper 
working order. The Board has therefore had no means of ascertaining 
the information necessary for answering this circular. 


THE DISTRICT OF THE RIVER LOCHY. 


Take of Fish— 
. Below. 

2. No: 

3. (a) April. 
4 

5 


—_ 


. No nets or fixed engines. 
. (c) 38 lbs. 


Protection— 
1. £2,115 6s. 1d. 
2. ld. per £; and, in addition, Lord Abinger pays all the expenses of 
watching on the Lochry and Spean rivers. 


Obstructions to the Passage of Fish— 
1. None. 
3. No dams or cruives, 
4. No. 
5. Always a free passage. 
6 and 7. No. — 


Pollutions— 
1 and 2. No 


The Salmon Disease— 
1. No disease. 
3. None. 
4. No. 


The Spawning Season— 

. 25th October on tributaries. 

. Between second week in November and end of second week in December. 
. End of December. 

. Low upon the whole. 

. Less. 

. Roy, Spean, Cour, Lochy, Gloy, Nevis, and Arkaig. 


Kelts— 
1. Not known. 
2. March and April. 

» 3. Last week in April. 
4, High. 


— 
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Smolts— 
1, May. 
SNe: 


Artificial Propagation of Salmon— 
A small hatchery, supported by Lord Abinger; hatched out in it last year 
115,000, 


Proportion of Male to Female Salmon— 
About one-fourth more male than female; enumerated from actual catch. 


THE DISTRICT OF THE RIVER AWE. 


No answers have been received. 


THE DISTRICT OF THE RIVER AYR. 


Take of Fish— 
1. Rather above average. 
2. No. 
3. The main take of salmon towards end of season. 
4. The fishings in the sea were let, and the tenant would not give 
information. 
5. Not known. 


Protection— 
1. £100. 
2. 8s. per £, in all £40. 
3. One water bailiff. 
4, One prosecution for fishing with the otter, and conviction obtained. 
Penalty £2, with 30s. towards expenses. 


Obstructions to the Passage of Fish— 
1. None. 
2. No cruives in district. , 
3. No; action being raised against the town of Ayr to compel the 
formation of salmon ladder in dam dyke at Overmill. 
4,5, and 6. No. 


Pollutions— 
1 and 2. No. 


The Salmon Disease— 
No disease. 


The Spawning Season— 
Cannot give information. 


Kelts— 
Cannot give information. 


Smolts— 
Good smolt year. 


eS Propagation of Salmon— 
0. 


a he of Male to Female Salmon— 
O. 
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THE DISTRICT OF THE RIVER GIRVAN. 


Take of Fish— 
1. (a) None ; (0) cannot say ; (c) and (d) below the average. 
2. (a) None ; (b) about 240 salmon, 670 grilse, 1,740 trout ; (c) cannot say. 
3. (a) Ist April ; (6) August ; (c) about June 15th. 
5. (a) None; (0) 33 lbs. ; (c) cannot say. 


Protection— 
1. £524. 
2. No. 

3. None. 
4. No. 


Obstructions to the Passage of Fish— 
1. No alteration. 
2 and 4. No. 
5. When in flood. 
6 and 7. No. 


Pollutions— 
1 and 2. No. 


The Salmon Disease— 
1. No salmon disease in River Girvan. 


The Spawning Season— 
1. Latter end of December. 


Smolts— 
1. Ist May. 
2. Average. 


Artificial Propagation of Salmon— 
None. 


THE DISTRICT OF THE RIVER STINCHAR. 


Take of Fish— 
1. (a) Below the average. 


2. (b) 
Month. Salmon. Grilse. Trout. | 
| 1897 
| May, . : 8 me . 
June, 52 34 
July, 3 A : 73 76 
_ August : . 148 2 
| September 1st to 10th, 17 2 
Totals, . : 298 | 114 
(c) 41. 


3. (a) lst April; (6) middle of August ; (c) end of June. 
4. (b) Heaviest salmon, 35 Ibs. ; heaviest trout, 7 lbs. 
5. (6) 40 lbs ; (c) 30 Ibs. 
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Protection— 
2. No assessment. 
3 and 4. None. 


Obstructions to the Passage of Fish— 
None. 


Pollutions— 
1. No. 


The Salmon Disease— 
1. No diseased fish in sea, little in river; February ; about end of same 
month. 
2. Small. 
3. Four fish ; two of each ; kelts. 
4, No. 


The Spawning Season— 
1. 1st December. 
2. Middle of December and January. 
3. Ist February. 
4, Small. 
5. Fully an average. 
6. The River Stinchar. 


Kelts— 
land 2. March. 
3. 10th May. 


Smolts— 
1. 1st April to middle of May. 
2. Fair. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
No. 


General Question— 
No. 


THE DISTRICT OF THE RIVER CREE. 


Take of Fish— 
1. No special information, but the general opinion is that the take has been 
below the average. 
2. No. 
3, 4, and 5. No information. 


Protection— 
1. £671. 

' 2. £50 6s. 6d., being the assessment at, 1s. 6d. per £&. 
3. Two. 
4, No. 


Obstructions to the Passage of Fish— 

. No changes. ) 

. There are no cruives in this district. 
Yes. 

No. 

Yes. 

No. 


O OUR 99 bo 
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Pollutions— 
1. No. 
2. None required. 


The Salmon Disease— 
1. No disease. 


The Spawning Season— 
No information. 


Kelts— 
No information. 


Smolts— 
No information. 


Artificial Propagation of Salmon— 
No. 


Proportion of Male to Female Salmon— 
No. 


General Question— 
No. 


THE DISTRICT OF THE RIVER DEE (KIRKCUDBRIGHT- 

SHIRE). 
Take of Fish— 
1. Much below ; (a) 134 salmon, 575 grilse ; (6) 742 salmon, 1325 grilse ; 
(c) no fixed engines ; (d) not known. 

3. Main take April to July; grilse and sea trout begin to run in June. 

4. Much depends on the state of the river. 

5. (a) 30 lbs. ; (6) no fixed engines ; (c) 26 lbs. ; heaviest trout 8 lbs. 


Protection— 
1. £1603. 
2. £5 per cent. 
3. Twelve. 
4. No. 


Obstructions to the Passage of Fish— 
1. No change. 

2. No cruives. 

3. Yes. 

4. No. 

5. Free run at all times. 
6. None. 

7. No. 


Pollutions— 
1. No. 
2. None. 


The Salmon Disease— 
lL ae 
3 and 4, None. 


The Spawning Season— 

. End of October. 

. Ist November to end of December. 
. 3rd January 1897. 

. Not ascertained. 


O> OTB Oo dO 


No. 
. Dee, Tarff, and Ken. 
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Kelts— 
1. 1st March. 
2. End of March and beginning of April. 
3. End of May. 
4, Not known. 


Smolts— 
1. 20th April to end of May. 
2. No. 


Artificial Propagation of Salmon—- 
Private enterprise; Tongland, 200,000. 


Proportion of Male to Female Salmon— 
Cannot ascertain. 


General Question— 
No. 


THE DISTRICT OF THE RIVER NITH. 


Take of Fish— 

1. (a), (6), (c), and (d) Below the average. 

2. (a), (b) and (c) Cannot be given. 

3. Clean fish are caught as soon as the fishings open on 24th February ; but 
afterwards, from about middle of March, no clean fish are got till the 
sea-trout begin to run in April. 

4, (a) and (b) Cannot be got. 

5. (a) 28 lbs. ; (b) 34 lbs. ; (c) one of 40 lbs. was caught at Dumfries. 


Protection— 

1. £780 5s. 6d. 

2. Ys. 6d. per £. 

3. One man employed and paid by the Board, and over twenty gamekeepers 
sworn in as special watchers. 

4. Yes ; five men for using drag hooks in fish pass fined £5 10s. 6d each, 
or a month’s imprisonment ; one man 38s., or 14 days, for snatching ; 
one man 32s. 6d., or 14 days, for having smolts in possession ; four men 
£2 each, or a month’s imprisonment, for fishing in close time with drag 
hooks in fish pass. 


Obstructions to the Passage of Fish— 

1. A pass has been constructed on caul at Cairnmill, Keir and Penpont 
parishes, but it is questionable whether it is effective or in accordance 
with provisions of Schedule G of Salmon Act. 

. Been fished as usual. 

. One cruive in the district is, but the dams are not. Most of the latter 
have neither passes, hecks, or sluices in accordance with the Schedule. 

. No, except the pass on the Scaur at Cairnmill. 

. Yes, when fish are running after a flood ; but when the rivers are low, 
the passes do not facilitate the passage of fish. 

6 and 7. No. 


OU Co bo 


Pollutions— 
1 and 2. No. 


The Salmon Disease— 
1, Very little ; it was only in March, and a few kelts were affected. 
2. Low, when it was seen. 
3. None taken. 
4. No. 
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The Spawning Season— 


Le 
2. 
3. 
4. 
5. 
6, 


In October. 

From middle of December to middle of February. 

About end of March. 

Fish only spawn after a flood, and not when river is low. 
Less. 

There are spawning streams all along its course. 


Kelts— 


i. 
2. 
3. 
4. 


March. 

May. 

In beginning of year. 

Kelts only go to the sea when the river is rising to a flood, or at least 
rising. 


Smolts— 
1. April and May. 
2. No. 


Artificial Propagation of Salmon— 


No; 


Armistead’s private hatchery. 


Proportion of Male to Female Salmon— 
Cannot be given. 


General Question— 
No. 


Take 
1 


THE DISTRICT OF THE RIVER ANNAN. 


of Fish— 
(a), (b), (c), and (d) Below the average. 


2. The lessees of the different fishings say they do not keep a record of 


number caught, therefore the number cannot be given. 


3. (a) 25th February, first open day ; (b) during August; (c) week ending 


19th June. Were much below average in number ; orilse, during J uly, 
has been poorest for last 20 years, and some old fishermen say it was 
the worst on record. 


4, With exception of on the Newbie Fishery, no record is kept of fish 


caught each month, therefore this cannot be given. I understand the 
manager of Newbie Fishery sends notes of those caught there to Mr. 
Archer. 


5. (a) No net and coble fishing in district ; (b) 39 lbs. (on Newbie Fishery 


in August) ; (c) 28? lbs. (in Mount Annan Waters). 


Protection— 
1. £3,181 10s. 
2. £477 4s. 6d. 
3. Four (three at Annan and one at Lochmaben), also wepgrrceoacaye game- 


keepers sworn in as water bailiffs. 


4. Fourteen persons were prosecuted, thirteen of whom were convicted (one 


for three offences and one for two offences), viz., one for contravention 
Sec. 17 of Act 1868, fined £6 13s., or 30 days ; two for contravention 
Sec. 20 of Act 1868, fined each £1 12s. 6d., or 14 days; two for 
contravention Sec. 19 of Act 1868, admonished ; "two for contravention 
Sec. 33 of Annan Act, fined each £1 10s. 6d., or 14 days; one for 
contravention Bye-law, Sch. G, admonished ; three for contravention 
Sec. 27 of Act 1862, fined each £2 10s., or 21 days; two for contra- 
vention Sec. 15 (Sub- “See. 1) 1868 Act, fined each £2, or 21 days ; three 
for contravention Sec. 21, 1868 Act, one of which was fined £12 13s., 

or two months, others £2, or 21 days. Note.—These sums include the 
expenses awarded. . 
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Obstructions to the Passage of Fish— 
1. Only alteration is on the caul at Brydekirk Mill, on the Annan, where 
the Fishery Board have built a new portion on the face of the dam, 
close to the east bank, from the top full half-way down, which gives a 
fall of one in sixteen, and which has been a great advantage in allowing 
salmon to ascend. 

2. None in district. 

3. Yes, with following exceptions, viz.:—On the Annan—No heck at 
intake or tail of race at Annan Mill, belonging to Joseph Forster, 
wadding manufacturer; no heck at tail of mill race at Brydekirk 
Mill, belonging to Francis Henry Wilson. On the Kirtle—There are 
three dams, viz., Rigg, Beltenmount, and Kirtlebridge, neither of 
which have a pass nor hecks on mill race. Rigg Mill is not now used. 

. No alteration. 

. Yes, with exception of Brydekirk fish pass, which is deficient at all 
times. 

No. 

. No change. 


oO 


Im 


Pollutions— 
None, save Lockerbie and Moffat sewage, both of which places are receiving 
attention with the view of remedy. 


The Salmon Disease— 
1. Yes; first observed 24th January ; at its height middle of March; and 
disappeared beginning of April. 


3. Yes; in February one, and in March nine, eight of which were male 
and one female; all kelts (one male from Kinnel on 16th January, 
kelt) ; very few seen diseased during the year. 

4, None. 


The Spawning Season— 

. 9th November. 

. During January. 

. About middle of March. 

. Medium. 

. Less in early part of season ; afterwards average. 

. Annan and its tributaries, Kirtle, Kinnel, Ae, Mein, Milk, Dryfe, Moffat 
Water, Evan. 


OO Oo De 


K elts— 
1. 8th February. 
2. During March and April. 
3. First week in June. 
4, Medium. 


Smolts— 
1. End of April, principally in May. 
2. Below the average. 


Artificial Propagation of Salmon— 
None in district. 


Proportion of Male to Female Salmon— 
No; the only fishery where a record of this is kept is at Newbie. I 
understand the manager there sends a return of this to Mr. Archer. 


General Question— 


Nothing further than it would be well to keep in view the complicated 
state of the Acts referring to the Solway. 
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NOTE II. 


CORRESPONDENCE Between tHe NORTH. ESK DISTRICT 
BOARD anp tHE FISHERY BOARD FOR SCOTLAND 
REGARDING THE CrRAIGO AND MorpHiE Dam Dykes, AND 
REPORT on THE sarp Dykes By Mr. WALTER E. ARCHER, 
INSPECTOR OF SALMON FISHERIES FOR SCOTLAND. 


1. Mr. Dickson, Clerk of the District Board, to the Secretary 
of the Fishery Board, dated 16th February 189% 


Sir,—At the spring meeting of the Board on the 12th inst., it 
was resolved to apply to your Board for the services of an expert to 
report upon the state of the Morphie and Craigo dam dykes, and the 
bed of the river in their neighbourhood. I trust it will be quite con- 
venient for your Board to accede to their request.— Yours, etc., 


ARTHUR DICKSON. 


2. The Secretary of the Fishery Board to Mr. Dickson, 
dated 19th February 1897. 


Sir,—I have to acknowledge receipt of your letter of 16th inst. 
on the subject of the Morphie and Craigo dam dykes, and I have to 
state for the information of your Board that your communication will 
be laid before th® next meeting of the Fishery Board for Scotland.— 
I am, ete., 

W. C. Ropertson. 


3. The Secretary of the Fishery Board to Mr. Dickson 
dated 18th March 1897. 


Srr,—With further reference to your letter of 16th ult., asking 
a report by an expert on the Morphie and Craigo dam dykes, I have 
to inform you that the matter was considered by the Fishery Board 
for Scotland at a meeting held on 12th inst., when I was directed to 
state that the Board presumed that your Board would not have made 
this request unless they were of opinion that the dam dykes in question 
formed a serious obstruction to the passage of fish, and that their efforts 
to deal with the matter had failed, and that they were therefore 
prepared to comply with the request. 

Before issuing any instructions on the subject, however, they 
desired to know the circumstances under which the application was 
made, the steps which your Board had already taken in the matter, 
and the action they proposed taking in the event of an expert report- 
ing that the present state of the dam dykes was unsatisfactory.— 
I am, etc., 

Davip T. JONEs, 
For Secretary. 
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4, Mr. Dickson to the Secretary of the Fishery Board, dated 
9th April 1897. 


Srr,—Your letter dated 18th ult. was submitted to the District 
Board at their meeting to-day, and I was instructed to reply in the 
following terms, viz. :— 


1. That Colonel McInroy of The Burn was elected a member 
of the District Board in September last, and that the appli- 
cation to your Board for a report by an expert was made on 
the motion of Colonel McInroy on behalf of himself and of 
several other proprietors of the upper fishings. 


2. That this Board have not already taken any steps in the 
matter, and now wish a report by an independent person. 


3. That their action will be regulated by the terms of his 
report. 


The river is generally low in the beginning of June, and if, con- 
venient for the Expert to visit it about that time, I shall be glad to 
hear from him previously.—I am, etc., 


ARTHUR DICKSON. 


5. The Secretary of the Fishery Board to Mr. Dickson, dated 
29th December 1897. 


Sir,—At a meeting held on 23rd inst. the Fishery Board for 
Scotland had under consideration a report, dated 20th inst., by Mr. 
Walter E. Archer, Inspector of Salmon Fisheries for Scotland, of a 
visit to the Morphie and Craigo dam dykes, which formed the® subject 
of your letters of 16th February and 9th April last, and in accordance 
with the directions of the Board, who approved of the conclusions 
arrived at by Mr. Archer, I enclose a copy of the report for the 
information of the North Esk District Board.—-I am, etc., 


W. C. RoBeErtson. 


6. REPORT sy Mr. WALTER E. ARCHER, Inspector or SALMon 
FISHERIES FOR SCOTLAND. 


I have the honour to report, for the information of the Fishery Board 
for Scotland, that in accordance with my instructions I visited the 
river North Esk on the 16th July, and on the 16th and 18th October 
last, for the purpose of reporting on the state of the Craigo and Morphie 
dam dykes and the bed of the river in their immediate neighbourhood. 

I was accompanied on my inspection by Mr. Arthur Dickson, clerk to ae - o 
the District Board of the River North Esk, and was met at the river- ia i Pelee 
side by several members of the District Board, proprietors and tacks- with in the 
men of salmon fisheries, water bailiffs and other s, and had the advan- seis, he 
tage of hearing their views. . 


In the bye-law (Schedule G, 31 and 32 Vict., c. 123) which regulates Freine Posy 
the construction and use of nll dams, cela definite rules are laid guile G.” ri 
down with regard to the position, the minimum dimensions, and the 
maximum gradient of fish-ladders, and in addition it contains the follow- 
ing general provision, viz. :—‘‘There shall be a salmon pass or ladder 
“on the down stream face of every dam, or weir, or cauld, capable of 


E 
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“affording a free passage for ascending fish at all times when there is 
“water enough in the river to supply the ladder.” From the decision 
given in the case of Myers v. Grant, a case in which the proprietor of 
Craigo dam dyke was ordered to make suflicient provision for the free 
passage of salmon in terms of the bye-law, it would seem that in order 
to fulfil the requirements of the bye-law a fish-ladder must be efficient 
as affording an uninterrupted passage for salmon. With regard to this 
case | may “mention that [ am given to understand that the proprietors 
of Craigo hold that they are exonerated from all further obligation with 
reference to the construction of the pass, seeing that the Court of 
Session, to whom the case was appealed, found that the pass should be 
altered in terms of the several reports made by Mr. Stevenson, civil 
engineer, Edinburgh, and that the alterations "proposed by him were 
given effect to. This, however, appeais to be a question of law which 
it is not for me to decide. 


For the sake of convenience I propose to deal with Craigo and 
Morphie dam dykes separately. 


Craico Dam Dyke. 


In reporting on the state of Craigo Dam Dyke, I propose, after 
describing the form and dimensions of the dyke ‘and fish- -pass, to con- 
sider, (1) in what respects, if any, the latter is not constructed in 
accordance with the definite rules laid down in the bye-law ; and (2) 
whether, in other respects, it affords a free passage for salmon; (3) to 
summarise the conclusions arrived at on these two points; (4) to point 
out remedies ; and (5) to make recommendations. 

vy acmag Tt will be seen from a plan and section of Craigo dam dyke made on 

Tiypknéedl Fish. the 8th July last, by Mr. Sim, civil engineer, Montrose, that the dyke 

Pass. is 423 feet 9 inches long, and that it raises the water in the dam to a 
height of about seven and a half feet above the water in the pool 
below. This height, however, varies, of course, with the rise and fall 
of the river. 


The length of the pass is 703 feet, and it rises in that distance 6°69 
feet in height, or at an average gradient of one perpendicular to ten 
and a half horizontal. But the inclination is not uniform throughout, 
the steepest part being in the upper fourteen feet, where it rises one 
foot in every six. The foot of the pass projects about 30 feet beyond 
the toe of the dam. 


The width of the pass is four feet two inches for the first three feet 
of its length, reckoning from the upper end, six feet six inches for the 
following forty-one feet eight inches, and eight feet in the last twenty- 
six feet of its length. 


The upper sill of the pass is one foot nine inches below the crest of 
the dam, but there is no means of regulating the flow of water to the 
pass. 


The stops, of which there are eleven, are about two feet long, and 
eight inches high. They are placed at a distance of five feet apart, 
commencing fourteen feet from the intake and continuing to the 
entrance. 


In Aico a It will be seen, therefore, tnat the fish-pass is not constructed in 
nar er lajq accordance with two, at least, of the definite rules laid down in the bye- 


down in Bye- law, viz. :—Ist, the foot of the pass projects beyond the toe of the dam. 


2 gad and no apron of stone extends throughout its whole length on either 
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side of the pass; and 2nd, the width of the pass is less than six feet, 
although the length of the dam is more than 200 feet. 

With regard to the position of the foot of the pass, its projection 
beyond the toe of the dyke isa very great defect. For, as pointed out by 
Mr. Atkins in his report “On Fish-ways,” in ascending a river salmon 
follow the main stream until met by an obstruction. At the foot of 
this they swim to and fro trying to ascend. If unsuccessful, they will 
after a time drop back to the nearest pool to rest. But on their next 
attempt they will again ascend to the foot of the obstruction, to be 
again baffled, and thus repeatedly pass the mouth of a ladder which 
enters the river below the obstruction without noticing it. In con- 
structing a fish ladder, therefore, one of the chief objects to be aimed at 
is to place the entrance at the furthest point to which the fish can reach 
in their ascent of the main stream. An attempt has been made to 
remedy this defect by placing stones on the north side of the pass so as 
to form a lead for the fish. This expedient may modify the injurious 
results of this defect when the river is low, but is not of much use when 
the river is at a medium or high level and the fish most inclined to 
travel. On the 16th and 18th October, when eight to fourteen imches 
of water were flowing over the crest of the dam, salmon were collected 
in large numbers in the pools higher up than the entrance to the pass, 
from which they were attempting to ascend the face of the dam, but it 
was only on the north side that they were ever successful. 


With regard to the width of the intake, it may be stated generally 
that the larger the volume of water in the pass, provided it does not 
cause too great turbulence in the chambers, or too great resistance to 
the fish, the more will fish be attracted to it. No benefit, however, 
would be derived from widening the intake if its depth were reduced. 
On the contrary, if the volume of water is not increased, it is better 
that the intake should be narrow and deep than broad and shallow, as 
it admits of the ladder being supplied with water at a lower state of 
the river. 


In considering whether in other respects the fish-pass affords a free Whether in 
passage for salmon, and, if not, wherein it is defective, I propose to ee ae 
ary ‘ me oF! & . . = é . uv 1e . ad SS 
point out, lst, the principles generally aimed at in the consti uction Ot atorda. ae fede 
fish-passes, and the causes of failure in application ; 2nd, the defects of passforSalmon 
construction in Craigo fish-pass; and 3rd, the opinions expressed as to "4 if _ not, 


: A : wherein it is 
its eficiency by those present at the inspection. dakeotive: 


Ist. Now, it is well known that the further a falling body descends 
unobstructed the greater the force it attains, and in order, therefore, 
that water descending from a height, at a steep gradient, may not 
offer too great resistance to fish, it is necessary to check its velocity at 
frequent intervals. Numerous systems have been devised for breaking 
the force of the current in a fish-pass without causing too great dis- 
turbance of water. There are Smith’s, Forsyth’s, Atkins’s, Brackett’s, 
Cail’s, Forster’s, Swazey’s, Pike’s, Roger’s, Hockin’s, and many other 
systems. These systems, which differ in many respects, have, as a rule, 
one feature in common—viz., that whenever the gradient is as stee 
as one perpendicular to ten horizontal, the openings in the stops and the 
width of the pass bear such a proportion to one another that, when the 
pass 1s in working order, a cushion of quiet water is secured in each 
chamber against which the descending current expends its force before 
passing on to the next chamber. But although numbers of these passes 
have been erected, but few of them—probably not more than half a 
dozen—-have proved effective. Their non-success seems due to the 


The conclu- 
sion arrived at, 
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following causes, viz.:—(1), That the volume of water in rivers is con- 
stantly fluctuating, thus causing at most times a greater or less quantity 
of water to flow down the passes than they are constructed by their 
inventors to carry, and thereby throwing them out of working order, as 
such passes are usually put up promiscuously without proper attention 
being paid to the regulation of their water supply; and (2), that they 
do not carry a sufficient volume of water to attract salmon readily to 
ascend them. 


2nd. With the view of studying the efficiency of the pass at Craigo, 
which is constructed somewhat after the Forsyth system, and of seeing 
whether there are any special circumstances connected with its local 
position or construction which make it more likely to be effective than 
most passes of this type, I visited it, as already stated, on three 
occasions. On my first visit the river was at dead low summer level, 
and the water having been shut off from the fish-ladder by means of a 
wooden sluice, I was able to examine its construction. On my two 
subsequent visits the river was in moderate flood, but not so high as to 
prevent my wading along the crest of the dam to the head of the pass. 


I found nothing in the position or the construction of the pass to lead 
me to think that it was more likely to be effective than other passes 
constructed on the same system. On the contrary, it seemed to me to 
be a bad specimen of its type, and to afford a passage for salmon at even 
fewer different variations in the water level than is usual with such 
passes. In the first place, the stops are so low that they do not 
sufficiently arrest the velocity of the current ; in the second, the open- 
ings in the stops, particularly in the lower end of the pass, are wider 
than the intake, consequently when the river is low sufficient water is 
not retained in each chamber ; in the third, the width of the pass is in 
no place more than one and a half times greater than the width of the 
openings in the stops, consequently even in a moderate flood no cushion 
of quiet water is secured in each chamber against which the descending 
current can expend its force before passing on to the next chamber ; 
on the contrary, great turmoil is caused by the current striking against 
the stops ; and in the fourth, the widening of the pass at three feet 
from the intake, and the steep gradient at which it is placed at its. 
upper end, causes the water to descend with so great velocity that, even 
in a moderate flood, salmon must have great difficulty in ascending the 
upper fourteen feet—and the higher the river the more would the 
difficulty increase. 


3rd. Considerable difference of opinion prevailed among those whom 
I met at the river-side with regard to the efficiency of the pass. By 
some it was contended that it is of little or no use; by others, that 
salmon ascend it freely at certain heights of the river. The former 
stated, in support of their opinion, that, under present circumstances, 
not more than half a dozen fish are taken annually in their waters 
during the net fishing season; whereas in 1881, when a breach had been 
made both at Craigo and Morphie dykes, some 300 fish were taken. 
The latter based their opinion on observation, stating that they had 
seen numbers of salmon ascend the pass when the river was at a medium 
height, but that when it is in flood they ascend the dyke itself on the 
north side. 


Taking into consideration the defects which obtain in Craigo pass— 
viz., Ist, as to the position of its mouth; 2nd, as to the width of the 
intake, and, 3rd, as to the plan on which it is constructed—it seems to 
me that it can never afford an easy or attractive passage for salmon, 
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and that it must be thrown out of working order altogether by very 
slight variations in the water level. I am disposed to think that the 
probable explanation of the apparently conflicting opinions above 
referred to is that, although some salmon may ascend it under certain 
conditions of weather and water, these conditions occur so seldom that 
the great majority of fish are taken at the foot of the dyke while wait- 
ing for favourable conditions to ascend it, and that but few, therefore, 
reach the upper waters until after the close of the net fishing season. 
I cannot, therefore, conceive that it can be considered to afford a free 
passage for salmon at all times in terms of the bye-law. 


‘With regard to what should be done to provide such a passage I Remedies pro- 
have no confidence in any alteration or the present pass. Although P°5*4 
such passes if properly constructed sometimes work in places where 
there are no conflicting interests, and where, therefore, the fish are 
allowed to remain undisturbed in the pool below until the conditions 
are favourable for them to ascend, they are quite ineffective when nets 
are used right up to the foot of the obstruction. It must be borne in 
mind that it requires but a slight obstruction to check the passage of 
salmon under certain conditions of weather and water ; e.g. in the winter 
or early spring months, unless the weather is very open, salmon will not 
ascend obstructions which hardly check their progress later in the year, 
while heavily-laden female salmon ascending rivers on the eve of spawn- 
ing cannot surmount obstructions which present but little difficulty to 
fish entering the rivers in the summer months; and at all seasons of the 
year the water level plays an important part in the extent to which a 
fall obstructs the passage of salmon. In any case, therefore, dam dykes 
always check the passage of salmon to some extent, and if netting is 
allowed close up to their foot they not only serve their legitimate 
purpose of supplying water to mills but facilitate the capture of fish. 
To check as far as possible their serving this double purpose, which I 
understand to be the intention of the general provision contained in the 
bye-law, fish-passes should be formed of a series of pools extending if 
possible the whole width of the river, so that salmon in following the 
natural course of the stream have no choice but to ascend them, or at 
any rate the lower pools should be constructed in such a manner that 
the greater body of water passing over the crest of the dyke flows 
through them, thus causing the entrance to the pass to form the main 
channel of the river. Further, the pools should be made of such length 
and depth that, in times of flood, the water does not jump from one stop 
to another or cause undue disturbance, and the rise between each pool 
should not exceed 12 or 13 inches. In England, where fish-passes must 
be constructed of such form and dimensions as are approved by the 
Board of Trade, it would seem that it is now generally recognised that 
in order to secure. as far as possible, a free passage for salmon they 
must be constructed on these principles. Mr. Berrington, in the 26th 
Annual Report on Salmon Fisheries (Engiand and Wales), p. 23, 
remarks that “it is lamentable going about the country to see the 
“numbers of useless fish-passes with which the weirs are studded. 
“Of these only a small fraction have received formal approval, and of 
“those which have been approved but few are really efficient, as will be 
“seen by the list on the following pages (24, 25).” 

“In this list it would be difficult to find half a dozen passes of 
“magnitude which are really effective. . . . . . The fish passes 
‘which have been made throughout the country represent the expendi- 
“ture of a large sum of money, the greater part of which has yielded 
“‘nothing but experience. This properly utilised is, however, a distinct 
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“gain, and as the fish-passes of the present day will, it is hoped, show 

“an improvement on those of the past, so we may trust that our 

‘$ successors will profit by our mistakes and produce better work than 
‘our own.’ 


If we turn to the Thirty-fifth Annual Report on Salmon Fisheries 
(England and Wales), we shall find, facing page 14, plans and sections 
of the fish-passes which the dearly-bought experience above referred to 
has resulted in producing. It will be seen that the ladder form, which 
found favour in the early days of fish-passes, when the matter was but 
little understood, is discarded, and the form of fish-pass which I have 
ventured to recommend, and of the effectiveness of which { have had 
personal experience, is adopted in its place. Reference to these plans 
will show that a pool-pass as now understood is very different to that 
designed by Mr. Stevenson in 1871, which was in use at Craigo up to 


1881. 


It may be objected that a pool fish pass is not the form of pass con- 
templated in the bye-law, and that the rules there laid down indicate 
that all that is necessary to meet the requirements of the bye-law isa fish 
ladder after the Forsyth system. This view would seem to be borne 
out to a certain extent by the note appended to sec. 6 of Schedule G. 
On the other hand, it could be argued that the dimensions laid down in 
sec. 6 are the minimum dimensions, below which no pass may be con- 
structed, and that the general provision as to every pass or ladder 
affording a free passage to fish at all times when there is water enough 
in the river to supply the ladder is to meet the very wide difference 
which must necessarily exist in the form and dimensions of fish passes 
constructed at dams of different heights and shapes; and, therefore, 
in order to meet the requirements of the byelaw, it is essential that 
this general provision should be given effect to. This view would 
seem to find support in the decision given in the case of Myers v. Grant. 


lf this latter view is correct it would seem probable that the court in 
directing alterations to be made in an inefficient pass would take into 
consideration the requirements which modern experience has shown are 
necessary in order to produce an efficient pass. 


Recommenda- In conclusion, | would venture to point out that the channel at the 

= foot of the dam on the north side of the present pass offers facilities for 
the constriiction of a good pool pass on the lines which I have recom- 
mended. I desire, however, to impress upon those interested in the 
salmon fishings that it must always be borne in mind that at best a fish 
pass is but a makeshift, and that, however good, it can never compensate 
a fishery for the existence of a dam dyke. The course which would 
commend itself to me, if a reasonable bargain could be made with the 
proprietor, is the purchase and removal of the dyke. I venture to re- 
commend this course as that which would tend most to the development 
of the capacity of the river for the production of fish, and as that which 
would be most remunerative to the proprietors of the rod fishings in 
the upper waters. 


Morente Dam Dyke. 


fhe coustrue- In dealing with the state of the Morphie or Kinnaber dam dyke, I pro- 
vel ay pose to consider (1) the construction of the dam dyke and fish pass ; (2) 
Fish a the state of the bed of the river in the immediate neighbourhood of the 
dyke; (3) the complaint as to the volume of water ‘abstracted by the 
Kinnaber lade ; and lastly, to summarise the conclusions arrived at on 


these several points. 
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The fish pass at Morphie, although at first sight presenting consider- 
able similarity, will be found on more careful study to be in striking 
contrast to that at Craigo. The dissimilarity in these passes lies 
principally in their position and in the heights which they have to over- 
come. The Morphie fish pass is 44 feet long, 5 feet wide, and rises 4 
feet. As in the case of the fish pass at Craigo the gradient is steepest 
at the upper end. No stops are shown in the plan made by My. Sim, 
nor was [ able to see whether there were any, as water was flowing 
through the pass when I inspected it ; but from the photograph taken in 
1882, which is appended to Mr. Sim’s plan, it would seem that there 
are, and that they are very similar in size to those in the fish pass at 
Craigo. The upper sill of the pass is 1 foot 9 inches below the crest of 


the dyke. 


The dyke is Y shaped, the angle of the YJ being placed up stream, and 
either arm extending down stream for about three hundred and seventy 
to three hundred and eighty feet, until they touch the banks of the 
river on either side. The fish pass is placed on the north arm, about 
twenty-five feet below where it joins the south arm, and the stream 
from the mouth of the pass is poured right across the channel formed by 
the dyke at a point where it is not more than fifteen feet across, so that 
salmon ascending the river are led by the converging arms of the dyke 
right up to the entrance of the pass. 


It has been pointed out that the entrance to a fish pass should be so 
constructed that the greater body of water passing over the crest of the 
dyke flows from the foot of the pass, as the power of a fish pass to 
attract salmon is in proportion to the volume of water discharged from 
its lower end. The Morphie fish pass, from its exceptional position, is 
an admirable illustration of the application of this principle. The en- 
trance to the pass practically begins at the point where the arms of the 
dyke touch the banks of the river, and embraces therefore the whole 
natural channel. From this point the pass may be said to gradually 
contract in size, and the volume of water pouring down it at the same 
time to diminish. But although it diminishes, it forms always the main 
stream, and offers, therefore, a natural and attractive passage for 
salmon, 


The actual construction of the fish pass proper seems to me to offer 
no point worthy of imitation. On the contrary, the greater ease with 
which salmon ascend Morphie than Craigo fish pass is, in my opinion, 
due (1) to its position ; (2) to the lower height of the dyke; and (3) 
to the shape of the dyke. It is owing to the pass being placed across 
the general direction of the stream that the water flowing over the dyke 
strikes the water flowing down the pass at an angle, thus checking its 
velocity and creating comparatively quiet water on the sheltered side of 
the pass, in which the fish can ascend without difficulty. It is perhaps 
superfluous to point out that, other things being equal, the lower the 
dyke the less obstruction it presents to the passage of fish ; and it is 
owing to its shape that, while the water level fluctuates comparatively 
slightly in the pool above, it rises very quickly at the foot of the dyke, 
so that even in a moderate flood the difference of four feet shown in 
Mr. Sim’s plan between the level of the water above and below the 
dyke is reduced by about one half 


{t would seem to me therefore that Morphie fish pass not only pos- 
sesses an attractive entrance in a proper position, but affords as easy a 
passage for salmon as is possible in a pass of that description. Their 
passage would, however, be still further facilitated if subsidiary dams, 
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each raising the water one foot in height, were placed across the 
channel formed by the two arms of the dyke, and by this means the 
water at the foot of the dyke were raised to within one or two feet of 
the upper sill of the fish pass. 


‘Phe state ofthe — There was a great difference of opinion amongst those whom I met 
bed of theriver 


in the immedi. ®5 to the state of the bed of the river in the immediate neighbourhood 
ate neighbour- of the dyke. By some it was contended that the lower end of the fish 
he of the pass had fallen into disrepair, causing the water, instead of keeping in 
Eds one channel, to spread out and form a shallow bank a short distance 
below the dyke, which prevented fish in low water from reaching the 
foot of the pass. By others that no alteration had taken place either 

in the lower end of the pass or in the gravel bank referred to. 

Iam unable to attach much importance to this complaint. In the 
first place, even if a few stones are out of place at the foot of the pass, 
they do not cause any real obstruction to the passage of fish, as- 
the foot is entirely submerged when the river is at such a height that 
fish are inclined to travel. I am, however, by no means. satisfied that 
there are any stones out of place, although this can be ascertained 
and, if necessary, rectified when the river is low. In the second 
place, the gravel bank referred to does not seem to me to present any 
real hindrance to fish; on the contrary, I believe it rather assists than 
hinders their ascent, by helping to dam back the water on the foot of 
the dyke. 

The ape The complaint with regard to the abstraction of water by the Kinnaber 

Scale code of lade seems to me a more serious matter. It was complained, in the 

water abstract- first place, that since the introduction of turbines about six or seven 

” by the mill years ago, a greater quantity of water is abstracted from the river than 

aa formerly ; and in the second place, that it is most unjust that the 
Kinnaber lade should be exempted by the 12th section of the Act of 
1868 from the provisions of the bye-law (Schedule G) as to the shutting 
of sluices at the intake. 


With regard to the first point, there can be no doubt that the 
abstraction of a greater volume of water by the Kinnaber lade increases 
the difficulty which the dam dyke presents to the free passage of fish, 
but it hardly seems that, as the law at present stands, using a method 
of water power which abstracts more water constitutes a contravention 
of the statute. The 7th section of the bye-law (Schedule G) refers 
merely to the construction of the dam, and in this case the dam has 
not been altered. It would seem probable, however, that at the time 
of the passing of the bye-law the introduction of improved machinery 
into mill lades, by which a greater quantity of water could be abstracted 
from the rivers, was not contemplated, and that it was intended, by 
providing that ‘no dam shall be so altered as to create a greater 
“obstruction to the free passage of fish than at present exists,” to 
safeguard the salmon fishery interests, and to prevent anything being 
done to increase the obstruction caused by mill dams to the passage of 
fish. If so, modern inventions have rendered the bye-law insufficient, 
and its amendment would seem to be required. The only power, 
however, given under the Salmon Fishery Acts for the amendment or 
alteration of the Commissioners’ bye-laws would seem to be that given 
in the 9th section of the Act of 1868. By this section it is enacted 
that a District Board may petition the Secretary of State, whose duties 
are now performed by the Secretary for Scotland, to do certain things, 
viz. :—inter alia ‘“ to alter the regulations with respect to the construc- 
“‘tion and use of cruives and cruive dykes or weirs within their 
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“district.” It seems doubtful, however, whether the word “ weirs” 
as used in this section refers to mill dams; but even if it does, and if 
application may be made to the Secretary for Scotland to issue 
regulations applicable to dams used in connection with turbines, the 
case of Morphie or Kinnaber is so special, in view of the provision of 
the 12th section of the Act of 1868, that it seems doubtful if the 
Secretary for Scotland could issue regulations affecting it. 


It would appear from the case of the Tay District Board v. 
Robertson, 1887, 15 R. 40, that District Boards, being statutory Boards, 
have only power to prosecute for offences created by the statutes by 
which they have been established. If, therefore, as it seems to me, the 
abstraction of a greater volume of water is not an offence under the 
Salmon Fishery Acts of 1862, 1863, 1864, or 1868, it is not competent 
for the District Board to take action in the matter, but it must be left 
to the proprietors to vindicate any claims which they may have at 
common law themselves. The effect at common law is perhaps more 
doubtful, as it could be argued that the new method of using the water 
power is so different from the original method as to injure the salmon 
fishings of upper proprietors as anciently enjoyed. There is, however, 
so far as I am aware, no authority to justify such an argument. The 
question may also to a certain extent depend upon the charter under 
which the mill owner holds his right. 


With regard to the second point, it is difficult to understand why the 
Kinnaber lade should be exempted from the bye-laws as to the 
shutting of sluices which are applicable to every other mill lade in 
Scotland. 

From the reference to the lowering of the intake sluice during the 
weekly close time, which is made at the end of sec. 12, it would almost 
appear as if it were thought that the bye-law (Schedule G) provided that 
all the sluices should be entirely closed from 6 o’clock on Saturday 
afternoon to 6 o'clock on Monday morning, and that it was desired to 
modify this provision as regards Kinnaber lade in view of the great 
inconvenience that it would cause to the Royal Burgh of Montrose, 
seeing that the burgh depends for its water supply on the working of 
Kinnaber mill. From the opinions which were expressed to me it was 
evident that the view prevailed among some of those whose salman fish- 
ing interests were affected that if it had not been for the exemption con- 
tained in sec. 12, the sluices would be entirely shut on Sunday, and the 
water made to flow over the dam. But this wasa mistaken view. The 
weekly close time applies to fishing only, and there is nothing in the 
bye-law which regulates dams, &c., to prevent the water being used for 
milling purposes at any hour of the day or night, on Sundays or on 
week days. Sec. 2 of the bye-law (Schedule G) does not in effect seem 
to go further than to provide that all water not required for milling 
purposes shall be made to flow over the dam into the river as far as 
practicable. Even to this rule there is an exception, as it is not impera- 
tive when the intake sluice is more than 300 yards from the water 
wheel to shut it, or to keep the bywash sluice shut during the ordinary 
meal hours or during any stoppage of the wheel not exceeding an hour 
ata time. It would seem therefore that this bye-law is very moderate, 
that it does not interfere with the privileges of mill owners, or do more 
than define what was practically the law before. It is, therfore, all 
the more difficult to understand why the mill at Kinnaber should be 
exempted from its provisions, or why closing the sluices at Kinnaber 
when the mill is not working should occasion greater inconvenience 
than closing them at any other mill in Scotland. 


Summary 
conclusions. 


o[ 
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My attention was also directed to a very serious clerical error in sec. 
12. The words, ‘not dess than eighteen inches” are used in place of 
‘not more than eighteen inches,” thus making the slight concession to 
salmon fishing interests, which it was evidently intended to insert in 
the concluding lines of the section, quite useless. 


For the complaints made with regard to section 12 there would seem 
to be no redress without fresh legislation, and I would venture, there- 
fore, to submit this matter for the consideration of the Fishery Board. 


In closing my report on the Morphie or Kinnaber dam dyke, I beg 
to summarise the conclusions at which I have arrived, as follows :— 


1. That, owing to the form and dimensions of the dyke, the fish pass, 
although capable of improvement, probably affords as easy a passage for 
fish as is possible in a pass of that description. 


2. That the bed of the river in the immediate neighbourhood of the 
dyke does not present any real obstruction to the passage of fish. 


3. That the unavoidable difficulty which salmon experience in ascend- 
ing every fish pass is in this case increased by the want of a sufficient 
volume of water to attract them, the deficiency of water being caused, 
(a), by the substitution of turbines in place of water wheels; (6), by the 
exemption, under sec. 12 of the Act of 1868 (31 & 32 Vict. cap. 123) of 
the lade from the bye-law as to the closing of sluices. As the law at 
present stands, however, it does not seem to me that the District Board 
can take any action beyond purchasing the dyke for removal in terms. 
of the 13th section of the Act of 1868. I have the honour to be, 


Your obedient Servant, 
(Signed) WALTER E. ARCHER. 


THE FisHERyY BOARD FOR SCOTLAND, 
EDINBURGH, 20th December, 1897. 


7. Byr-taw G, Recarpinc Mitt Dams or LabEs, SLUICES, AND 
SALMON Passgs, &c. 


Bye-law G., 25 & 26 Vict. c. 97—26 & 27 Vict. c. 50—27 & 28 Vict. c. 
118. “Acts to regulate and amend the Law respecting 
the Salmon Fisheries of Scotland.” 


We, the Commissioners appointed under the said Acts, and empowered thereby 
‘to make general regulations with respect to the construction and alteration of 
‘ mill dams or lades, or water wheels, so as to afford a reasonable means for the 
‘passage of salmon,’ do hereby make the following general regulations with 
respect to the construction and use of mill dams or lades, or water wheels :— 


‘1, Every new dam, and every portion of any dam that may require to be 
renewed or repaired after this time, shall be made and maintained water- 
tight, or as nearly so as possible, so that no water that can reasonably be 
prevented shall run through the dam; but all water not taken into the 
lade for the use of the mills or other lawful purpose shall be made to flow 
over the dam as fully as may be practicable. 


2. There shall be a sluice or sluices at the intake of every mill lade. No 
water shall, with the exception hereinafter stated, be allowed to enter any 
mill lade beyond the quantity required for the use of the water wheel or 
wheels of any one fall on that lade, or for other lawful purpose in the lade; 
that is to say, no water shall be allowed to escape from any lade into the 
river by means of any bye-wash or overflow, but all water not required for 
the uses aforesaid shall be made to flow over the dam into the river as far 
as may be practicable. 
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At the option of the millers or manufacturers, this provision may be 
carried out either by shutting the sluice or sluices at the intake of the lade, 
or by raising the banks of the lade to a height that will prevent an overflow 
of water from the lade when the sluice at the wheel and the bywash sluice 
hereinafter mentioned are both kept shut. Provided always, that the said 
bye-law shall not apply to millers or manufacturers when taking measures 
necessary for the protection of their premises during heavy floods, or when 
rivers are cumbered with ice, or while necessary repairs are being executed 
on any emergency, provided that nothing be omitted or done unnecessarily 
to defeat the objects of this bye-law. Furthermore, in all cases when the 
intake sluice is more than 300 yards from the water wheel, it shall not be 
imperative to shut the intake sluice, or to keep the bywash sluice shut, 
during ordinary meal hours, or during any stoppage of the wheel not ex- 
ceeding an hour at a time. 


3. At the intake of every lade there shall be placed and constantly kept 
a heck or grating for each opening, or one embracing the whole openings, 
the bars to be not more than three inches apart, if horizontal, and not more 
than two inches if vertical. 


4. A similar heck or grating shall be placed and constantly kept across 
the lade or troughs immediately above the entrance to each mill wheel. 


5. A similar heck or grating shall be placed and constantly kept across 
the lower end of each tail lade at its entrance into the main river. 


Norr.—To prevent any obstruction to the flow of the water by the hecks 
or gratings in the lades, it is recommended that the lade shall be in- 
creased in width where the hecks are placed, and that the heck, 
instead of being in a straight line across, should be curved or pointed 
up or down stream, and thereby increased in length, so that the aggre- 
gate of the openings between the bars shall exceed the sectional area 
(or waterway) of the lade, and thus compensate for the space occupied 
by the bars. 


6. There shall be a bywash sluice placed as near as practicable above 
each water wheel in the embankment of the lade, of not less than three 
feet in width, with its sill as low as the bottom of the lade, and the said 
sluice shall be raised to a height sufficient to allow the smolts to descend 
for at least five but not exceeding eight hours each week from the 15th 
March to the Ist July, not more than six days intervening between each 
time of opening. 

There shall be a salmon pass or ladder on the down stream face of every 
dam, weir, or cauld, capable of affording a free passage for the ascending 
fish at all times when there is water enough in the river to supply the 
ladder. The width shall not be less than four feet in the clear in rivers of 
less than 100 feet in breadth at the site of the dam, nor less than five feet 
in breadth in rivers of less than 200 feet and more than 100 feet in breadth 
as aforesaid, nor less than six feet in breadth in rivers of more than 200 feet 
in breadth as aforesaid ; the upper sill shall be not less than six inches be- 
low the lowest part of the crest of the dam for the whole width of the 
ladder ; the inclination shall in no case be steeper than five horizontal to 
one perpendicular, but wherever practicable, shall be seven or eight hori- 
zontal to one perpendicular, and in all cases shall be provided with breaks 
or stops placed at suitable intervals, so as to lessen the velocity of the 
current sufficiently to allow the fish to ascend without difficulty. 


The foot of the ladder shall be placed where there is most running water, 
and with the best lead for the fish to approach it ; and if the ladder should 
project beyond the toe of the dam, there shall be an apron of stone formed 
to the dam, extending as far down the river as the entrance to the pass or 
ladder, and extending throughout the whole length of the dam at either 
side of the ladder, and on a high enough level to prevent there being any 
pool in the river, or sufficient depth of water farther up than the entrance 
to the said pass or ladder, by which the fish might be induced to remain 
there obstructed in their ascent, and not be led to the ladder. 


Note.—The Commissioners would recommend the following details to be 
adopted in the construction of salmon ladders, in addition to those 
given in the foregoing bye-law, but do not insist on them, provided 
some other perfectly efficient arrangement be substituted—viz., the 
side walls to be not less than twenty-two inches in height ; the breaks 
to be not less than eighteen inches in height, with openings of ten 
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inches in breadth at the alternate ends of each break, and five feet 
apart in cases where the gradient of the ladder is one in five and ofa 
greater distance, but the same proportions being maintained where the 
gradient is easier than one in five. 


7. No dam shall be so altered as to create a greater obstruction to the 
free passage of fish than at present exists. 


Wm. J. FFENNELL, | 
FRED. EDEN, -~ Commissioners. — 
JAMES LESLIE, 


Fisheries Department, Home Office, 
29th day of April 1865. Approved, 
G. GREY. 
Whitehall, 19th July 1865. 


(This Bye-law to take effect from the 28th July1865.) 


8. THe Satmon Fisneries (Scortanp) Act, 1868, Secr. 12. 


XII. And whereas the royal burgr of Montrose is supplied with water from 
sources adjoining the river North Esk, which water is raised to the point of dis- 
tribution by means of water power derived from a watercourse or mill-lade having 
its intake at Morphie dam dyke on the said river, and returning to the river ata 
point near the lower north water bridge on the said river, commonly called the 
mill-lade of Kinnaber, and great inconvenience would arise from the application to 
the said watercourse or mill-lade of certain of the bye-laws by this Act made valid 
and binding : Be it enacted, That nothing in the said bye-laws, or in this or in 
the recited Acts, or any of them, as to the placing of hecks or gratings, or the 
shutting of sluices at the intake of mill-lades or watercourses, shall apply to the 
said watercourse or mill-lade known as the mill-lade of Kinnaber, excepting in so 
far as regards the lowering of the intake sluice during the weekly close time, and 
then only so as to leave a free space during such close time of not less than 
eighteen inches between the bottom of the sluice and the sill or bed of such 
mill-lade or watercourse. 


9. Excerrt from Lerrer from the late Earl of Da tnovusis, K.T., 
(Fox Mave) to Davip Lyatt, Esq. of Gallery, Member of the 
District Board, dated Invermark, Brechin, 24th August 1868 :— 


‘I think I have influence enough with the Montrose people to persuade them 
‘*to forego any advantage which the slip you mention may give them, as it was 
‘** mainly through me they got the clause originally introduced into a former Bill.” 


ee —————— ee) ati 
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NOTE III. 


FIRST DIVISION. 


(BEroreE THE LorD PRESIDENT AND Lorps ADAM, M‘LAREN, AND KINNEAR.) 


Special Case: The Duke of Fife and others for opinion and judgment. 


A case involving questions of great importance to the salmon fisheries 
of Scotland was decided in the Court of Session, on the 23rd February 
1897—-viz., the Duke of Fife and others (34 Scottish Law Reporter, 
p. 440)—in which it was declared that the Duke, who held the right of 
cruive fishing on the river Deveron by grant from the Crown, was not 
entitled to maintain his cruives at the width fixed by the decrees of the 
Court, and’at which width they had been maintained from time 
immemorial, but was bound to alter and construct them so as to bring 
them into conformity with the requirements of the Commissioners’ 
Bye-law (Schedule F., 31 and 32 Vic. c. 123). 


In this case the Duke of Fife, the first party, and Mr. George, clerk 
to the District Board of the River Deveron, the second party, being 
agreed upon the statement of facts, submitted the following questions of 
law for the opinion and judgment of the Court, viz.:—(1) “Is the first 
‘‘ party entitled, in the circumstances set forth, to maintain and continue 
“to use the said cruives at their present width; or (2) is the first party 
‘¢ bound, when called upon to do so by the Fishery Board (represented by 
‘the second party), to widen the said cruives to a width of 4 feet each; 
‘ or (3) is the said Fishery Board entitled so to widen the said cruives?” 
The Court answered the first question in the negative, the second in the 
affirmative, and found that the third was superseded. 


The circumstances set forth, on which both parties were agreed, were 
as follows, viz. :— 


‘1. The first party is proprietor, in virtue of Royal Grants or Charters 
‘of very ancient dates, of the salmon fishings in the river Deveron, from 
“the sea for about four miles upwards. The said Royal Grants or 
‘“‘ Charters, and the titles of the first party and his predecessors connect- 
“ing therewith, comprehend the right of fishing both by cruives and by 
‘net and coble. The first party is also proprietor of the lands on both 
“sides of the river for the same extent. The second party hereto is. 
‘Francis George, solicitor, Banff, Clerk to the Fishery Board of the 
‘¢ distriet of the river Deveron, for behoof of the said Board, under and 
‘‘by virtne of Section 22 of the Salmon Fisheries (Scotland) Act 1862. 


“¢2. The cruive dyke belonging to the first party is situated on the 
‘“‘ said river Deveron, about two miles from the sea, near to the Rack 
‘¢ Mill, in the parish and county of Banff. In an action of declarator in 
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“ the Court of Session, at the instance of Lord Banff and others, pro- 
*“‘ prietors of upper fishings in said river, against James, second Earl] of 
“ Kife, the predecessor of the first party, then in possession of said 
‘« fishings and cruives, raised for the purpose of regulating the position, 
‘‘ dimensions, and use of the cruives and cruive-dyke then belonging to 
‘‘the said Earl, and now belonging to the first party, and to prevent 
‘the withdrawal of water from the river at said cruive dyke by a lade 
‘for the said Rack Mill, the Court, by interlocutors dated 16th 
“ February and 8th December 1773, and 4th August 1774, found that 
*‘ the defender James, Earl of Fife, and his tacksmen, were entitled to 
‘‘ maintain and uphold the cruive dyke now belonging to the first party 
‘in the form and shape in which it then was, but that the defenders 
‘were bound to place three cruives at least in the said dyke; that each 
‘of these cruives must be an ell in height, and an ell in breadth ; that 
‘the rungs of the hecks must be placed perpendicularly at the distance 
‘‘ of three inches from each other; that the sole trees of the ecruives 
‘‘must be placed in the river so that the upper part of them shall be 
equal with the bed of the river; that the sole of the cruive boxes 
‘“must be placed on a level with the bed of the river; and that all 
“sharp pointed stones and other impediments which might prevent 
“the salmon from entering the cruives must be removed; that 
“the defenders were bound to observe the Saturday’s Slap 
from six o’clock on Saturday afternoon till Monday at sunrising, and 
‘‘that during the said space the inscales of the cruives ought to be taken 
out and removed, but if, by reason of a flood in the river, the cruives 
could not be come at, the inscales in such case ought to be fixed back 
to the sides of the cruive boxes in such manner that the salmon might 
have a free and open passage; that in forbidden times the cruives 
*‘ought to be totally removed, and the slaps or holes where they were 
‘placed in the cruive dyke left free and open; and declared that the 
‘defenders, in case they should contravene the regulations thereby 
‘established in time to come, should be hable to the pursuers in the 
“sum of £50 sterling of damages for each contravention. By the said 
‘‘interlocutors it was found that the said Earl of Fife was entitled to 
‘withdraw water from the river at the cruive dyke by a lade for the 
‘‘ purpose of driving the said Rack Mill belonging to his lordship, the 
‘entry to the mill-lade from the river to be two feet above the bed of 
‘the river. The said interlocutors were, on an appeal by the pursuers 
‘Lord Banff and others, affirmed by the House of Lords in the year 
cay Wi: 


a 
~ 


" 
. 


~ 
o” ~ 


- 
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«3. In or about the year 1780, the said Earl of Fife, having been 
charged under the said interlocutors, at the instance of Peter Garden 
of Delgaty and John Grant of Dunlugas, two of the pursuers in the 
said action, suspended the charge, and two actions were raised in the 
“Court of Session at the instance of the Right Honourable William, 
‘ Lord Banff, and certain other proprietors of upper fishings in said 
‘river, against the said Earl, and the tacksmen of his fishings, alleging 
‘that they had transgressed the terms of the foresaid interlocutors, in 
‘varlous ways therein mentioned, and were liable in the penalties 
‘therein concluded for. The three actions were conjoined, and, after 
‘“ proof, the Court of Session, by interlocutors dated 2nd August 1782, 
“ 21st January 1783, and 23rd February 1784, found that it had not 
‘been proved that there had been any alteration made on the cruive 
‘“‘ dyke since the decrees, dated 16th February and 8th December 1778, 
‘and 4th August 1774, above mentioned, nor any contravention of the 
“‘ regulations established by those decrees, and therefore sustained the 
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‘defences of the Earl of Fife and his tacksmen, suspended the charge 
made against him and his tacksmen, and assoilzied them from Si 
, penalties libelled, with expenses of process. 


‘4. By ‘The Salmon Fisheries (Scotland) Act 1862’ (25 & 26 Vict. 
cap. 97, section 7), it is provided that ‘ the annual close time for every 
“<< district shall continue for 168 days; and the weekly close time, 
‘except for rod and line, shall continue from the hours of six of the 
‘* clock on Saturday night till the hour of six of the clock on Monday 
‘‘ morning ; but the Commissioners shall have power, on the applica- 
‘tion of the District Board or of any two proprietors of fisheries in 
‘any district, to vary the period at which the weekly close time shall 
‘commence in any district or any part thereof, in so far as they may 
‘think reasonable or expedient : Provided that such weekly close time 
‘“«* shall in no case be less than thirty-six hours.’ 


* 5. By section 6, sub-section 6, of the said Act, it is provided that 
‘The Commissioners shall have the powers and perform the duties 
«hereinafter specified; that is to say * * * Le make general 
‘regulations with respect to the following matters, viz. : 


. 
e 


“«The due observance of the weekly close time; the construction 
“and use of cruives; the construction and alteration of mill 
‘‘¢dams or lades or water-wheels, so as to afford a reasonable 
‘¢¢ means for the passage of salmon; the meshes of nets (so that 
“<they shall not intercept smolts or salmon fry); obstructions 
‘in rivers or estuaries to the passage of salmon ; 


‘ Provided that such regulations shall not interfere with any rights 
‘held at the time of the passing of this Act under Royal Grant. or 
‘Charter or possessed for time immemorial.’ 


“6. By ‘The Salmon Fisheries (Scotland) Act 1868’ (31 & 32 Vict. 
c. 123) it is enacted (section 10) that ‘The bye-laws contained’ in the 
‘schedules (A), (B), (C), (D), (E), (#), and (G), to this Act annexed, 
‘shall in all respects be held to have been duly made and published, 
‘but only in so far as consistent with and authorised by the recited 
““¢ Acts’ (viz. the said Act, 25 & 26 Vict.c. 97; 26 & 27 Vict. c. 50; 
“and 27 & 28 Vict. c. 118), ‘and to such extent shall be as valid and 
““* binding as if the same had been expressly enacted in this Act.’ 


“The schedule F of the said Act is in the following terms, viz. :— 


“SCHEDULE F. 
“ Bye-law. 


San én 2OUN ict) cr 975; 26.4 27: Viet>e. 505) 27 & 28 Vict.é 118 ; 
“* Acts to regulate ‘and amend the law respecting the Salmon 
‘¢¢ Hisheries of Scotland. 


““¢ We, the commissioners appointed under the said Acts, and 
“*« empowered thereby to make general regulations with respect to the 
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“* ¢eonstruction and use of cruives, do hereby make the following general 
“‘¢resulations with respect to the construction and use of cruives :-— 


“«T. The upper surface of the sill of each cruive shall not be higher 
‘*¢than 12 inches above the natural bed of the river where the cruive 
‘* is placed, and in the event of the sill being placed any higher than 
‘¢¢the natural bed of the river, there must be a paved floor or apron to 
‘““¢it down stream at least as wide as the cruive, having its lower end 
‘“¢not higher than the natural level of the river, and having a slope 
‘not steeper than 1 in 6, and otherwise the cruives shall be so con- 
“ “structed as to afford a ready and easy passage for the fish during the 
“‘¢ annual and weekly close times. 


*“¢ TT. No cruive shall be less at any part of it than 4 feet broad in 
‘“*¢ the clear; provided that where an upright post is used to support. 
“the cruive, thereby dividing the width into two parts, the aggregate. 
‘* width exclusive of such post shall not be less than 4 feet. 


“©¢ TTT. The hecks or rails and inscales shall be capable of being 
‘“‘¢ removed from the cruive, and shall be removed during the annual 
“close time. During the weekly close time the hecks or rails shall 
‘“‘ ¢}e removed, and the inscales shall either be removed or kept open for 
‘“¢the space of 4 feet. 


“¢©¢TV. The barsof the upper hecks or rails shall be placed perpendicularly 
“* “not less than 3 inches apart, and they shall not be more than 2 inches 
“¢ thick, and not more than 4 inches broad in the up and down way of 
‘““<the stream, and they shall have their edges rounded off, so that only 
“¢]2 inches in breadth of the whole thickness of 2 inches shall remain 
“in the side of the hecks or rails in the up and down way of the 
** * stream. 


“«©V. The bars of the inscales shall not be of larger dimensions than 
‘“¢those of the hecks or rails, and they shall not be less than 2 inches. 
** € apart. 


“* VI. Each side or half of the inscales shall not be less than 3 feet 
‘“¢* Jong for a eruive, 4 feet wide in the clear, and shall be longer in the 
‘*¢same proportion to any additional width of cruive. They shall be 
“constructed so that the up-stream ends cannot and shall not at any 
‘time approach nearer to each other than 5 inches. 


“<«VIT. No net or other contrivance whatever shall be placed or 
‘‘¢used on or at any cruive, or structure connected with a cruive, for 
‘‘¢the purpose of catching fish, or for preventing their entry into or 
‘‘* passing through the same; nor shall any device be employed to scare, 
“deter, or obstruct fish from entering into or passing through any 
“¢such cruive. But notwithstanding anything herein contained, it 
‘“*¢shall be lawful to place a canvas cloth or a wooden blind or blinds 
“over the heck or hecks of a cruive whilst the fish are being taken out 
‘¢¢ of it, provided such cloth blind or blinds be not applied longer than. 
‘“<¢ fifteen minutes at a time, or oftener than six times in the course of 
“¢ twenty-four hours, and that when there are more cruives than one at 
‘<¢the same dam, only one cruive shall be covered by the cloth or blinds 
‘at the same time. 
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“*¢ VIII. No eruive shall be so constructed inclosed, roofed, or built 
over, or in any other manner hidden or fenced in, as to prevent 
persons duly authorised from inspecting the same at all times, and 
“ascertaining whether the law is being duly complied with. 


ce 


see 


““* TX. No cruive shall be so altered as to create a greater obstructiom 
“<to the free passage of fish than at present exists.’ 


‘¢Wmn. J. FFENNELL ) 
‘“¢ Rrep. EDEN Commissioners. 
‘“¢ James LESLIE 


‘“«« Hisheries Department, Home Office, 
“<¢18th day of April 1865. 
“ ¢ Approved. 


“¢ Whitehall, 19th July 1865 G. GREY. 


““<«(This bye-law to take effect from the 28th July 1865). 


“7, Atameeting of the second party’s Board, held on 30th June 1866,. 
“the superintendent of the said Board reported that the said cruives. 
‘‘ belonging to the first party were not in accordance with the bye-laws. 
‘“‘above quoted. Mr. Hannay, factor for ‘the then Earl of Fife’s 
‘trustees, who were then proprietors of the said salmon fishings and 
‘‘ cruives, stated that the cruives were in accordance with Lord Fife’s 
‘“‘yights and his titles, and as possessed from time immemorial, and 
‘“‘ were not subject, so far as regards their construction, to the operations 
‘“‘of the bye-laws. Whereupon Sir George S. Abercromby (an upper 
“ proprietor) gave notice that at next meeting he would move ‘that Mr.. 
“< Hannay be requested to produce for the satisfaction of the Board 
“¢< the said rights, or a copy thereof.’ 


“The next meeting of the said Board was held on 28th September 
“1866. The minute bears that ‘Mr. Taylor, one of Lord Fife’s 
“‘¢ trustees, attended the meeting, and stated, on the part of the 
‘6 ¢ trustees, that he would recommend Lord Fife to alter the inscales of 
‘¢< the present cruives, so as to harmonise with the bye-law, and this 
“<though his Lordship’s rights were fixed by decree of the Court of 
“© * Session, and that he would also recommend the races to be paved.’ 
‘The motion, of which notice had been given by Sir George S. 
‘¢ Abercromby, was not moved. The inscales of the cruives were there- 
‘“‘ after altered so as to harmonise with the said bye-law, so far as that 
‘‘ could be dene consistently with the maintenance of the width of the 
“ eruive at an ell (which is equal to 37 inches), as fixed by the said 
“ interlocutors of Court. 


“8. The first party and his predecessors, proprietors of the said’ 
‘‘ eruive dyke, cruives, and fishings, have uninterruptedly maintained ,. 
‘< under and in virtue of the said interlocutors of the Court, the three 
“ cruives of the width of an ell (37 inches) each, in terms of the said 
-“ipterlocutors. During the weekly close time, the inscales have been 
“taken out or removed in terms of the said interlocutors. 

F 
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“9. By the ‘ Fishery Board (Scotland) Act 1882’ (45 & 46 Vict. c. 
‘“* 78), section 5, subsection 2, it is provided that ‘the Fishery Board’ 
“* (being the Fishery Board for Scotland established by that Act), ‘ shall 
** “have the general superintendence of the salmon fisheries of Scotland, 
‘**and shall have the powers and duties of Commissioners under the 
“* Salmon Fishery Acts, but without prejudice to or interference with 
‘“«*the powers of District Boards.’ 


“In October 1894, the Fishery Board drew the attention of the 
““second party’s Board to the bye-law Schedule F, above quoted, 
‘‘in so far as it provided that no ‘cruive shall be less in any part of 
‘“*it than 4 feet broad in the clear,’ and suggested that, in this respect, 
“‘the said cruives were not in conformity with the bye-law. The second 
‘‘ party submitted the communication for the observations of the first 
“party, and it was ultimately arranged that the parties should adjust a 
‘“‘ special case for the opinion and judgment of the Court upon the 
‘“‘ question of law at issue between them. The parties are agreed that 
‘the widening of the cruives to the said breadth of 4 feet each would, 
“by lessening the pressure of water, assist the free passage of fish ; but 
‘if the said cruives are so widened, the first party’s water supply for 
“* Rack Mill above mentioned, his right to which was judicially affirmed 
“by the interlocutors above referred to, will, or may be, prejudiced 
“during the summer months. The first party estimates the annual 
““ value of the Rack Mill, including the present water power, at £15. 


‘11. The first party maintains that, in virtue of his titles, and of the 
“decrees of Court above referred to, and of the proviso to section 6 of 
“the Salmon Fisheries (Scotland) Act 1862, above quoted, he is entitled 
“to maintain and continue to use the said cruives of the width, viz. not 
‘‘more than an ell, or 37 inches, each in breadth, as fixed by the said 
“* decrees, at which breadth the cruives have been from time immemorial 
“maintained ; and that the said 10th section of the Salmon Fisheries 
‘¢ (Scotland) Act 1868, and relative bye-law, do not in any way alter or 
‘‘abridge his said right. The second party, on the other hand, maintains 
“ that, on a sound construction of the said Statutes and Schedule, the 
‘‘ first party is bound so to alter and construct the said cruives as to 
‘bring them into conformity with the requirements of the said 
“ Schedule.” 


The Lord President, in giving judgment, said :— 


“The main question raised by this special case is whether the first 
“¢ party is entitled to maintain and continue to use his cruives at their 
‘‘ existing size, which is 37 inches, or is bound to conform to the regula- 
‘tions of the Commissioners, which require cruives to be of the width 
“of 4 feet. 


‘“‘ Now, de facto, the Duke’s cruives, 37 inches wide, have been there 
“<for upwards of a hundred years; but then their origin is very clearly 
‘‘ shown in the special case. The first party does not ascribe the size of 
‘‘the cruives to any specific provision to the effect in the Royal Charters 
‘under which he is in right of the salmon fishings. On the contrary, 
“the size of 37 inches was laid down by the Court of Session in the 
‘decree mentioned on record ; and, from the terms of the decree, it is 
*“clear that the court prescribed cruives of this size by way of equitably 
‘‘ harmonising the exercise of the rights of the Earl of Fife with the 
“‘interests of the upper riparian proprietors. In short, the provision of 
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“the 37 inch cruives was a regulation laid down by the Court of Session, 
‘‘which was then the only body competent to do in particular cases 
‘what is now done by the Commissioners through general regulations. 
“TI dq not think, therefore, that the first party can be said to have any 
“right to this particular size of cruive under his Charters, and I do not 
‘“‘think that the mere fact of the cruives having been there since 1774 
‘¢ discloses a case of a right possessed for time immemorial in the sense 
“‘ of the Act, especially when the origin of the cruives is seen to have 
“‘ been a decree regulative of possession. The Act of 1862 introduces a 
“new system of regulation, and regulations made under it apply not 
“merely to structures to be erected in the future, but to existing struc- 
‘“‘ tures, as was held in the case of Kennedy v. Murray. This being so, 
‘“‘T see nothing in the history of the cruives now under consideration 
“to afford to them any immunity from the regulations of the 
‘“¢ Commissioners. 


‘‘A special point was made regarding the effect of widening the 
“‘cruives on the flow of water into .the mill-lade. But I suppose the 
‘necessary result of widening cruives is to affect the flow of the water ; 
“and this is one of the incidental results of the regulations which must 
‘“‘be submitted to. Here, again, the first party has no special right con- 
“ferred by Charter which places his mill-lades in a protected position. 
“The provision in the decree which relates to this matter is again of a 
‘regulative character, confers no immunity, and does not denote any 
“right of the character which is safeguarded in the Act of 1862. 


‘“‘T am, therefore, for answering the first question in the negative. 
‘* It was decided in the case of Kennedy that the cost of the operations 
‘““necessary to produce conformity with the regulations falls on the 
“‘ proprietor ; and, therefore, the second query should be answered in 
“the affirmative. This does not necessarily imply that the Board might 
‘not be entitled, in case of failure on the part of the proprietor, themselves 
“to widen the cruives; and therefore, considered in the abstract, the 
“third query is not properly alternative to the second. But it is so 
“put, and no circumstances are stated as giving rise to it, except the 
‘contention of the first party on the question of expense. Accordingly, 
“T think that we should hold it to be superseded.” 


Lord Adam said :— 


“‘ By section 6, sub-section 6, of the Fisheries Act of 1862, the Com- 
““missioners are directed to make general regulations with respect to, 
“onter alia, the construction and use of cruives, provided that such 
“regulations shall not interfere with any rights held under Royal Grant 
“or Charter, or possessed from time immemorial. 


“The right of cruive fishing, and, so far as I know, all other rights 
“of salmon fishing, are exercised under conditions and regulations 
‘“‘imposed by Act of Parliament, or otherwise. Any alteration of such 
“‘ conditions and regulations would in one sense be an interference with 
‘‘such rights of salmon fishing. If that be the meaning of the Act, I 
_ “do not see how the Commissioners could make any regulations altering 
“or affecting the previously existing conditions and regulations, so that 
“‘ would be interfering with the right of fishing. 
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‘“‘ Tt appears to me, therefore, that regulations altering or modifying 
“the existing regulations are not in the sense of the Act interference 
‘with the right of fishing, but merely with the mode and manner in 
“which such right shall be exercised. 


‘In this case one of the conditions or regulations under which the 
‘* Duke’s right was exercised was that the cruive should be at least an 
‘ ell in height and an ell in breadth, that is 37 inches. 


‘“‘ One of the general regulations issued by the Commissioners requires 
‘that no cruive shall be less than 4 feet broad in the clear. It appears 
‘“‘to me that this regulation does not interfere with the Duke’s right of 
‘fishing, but is merely an alteration of the conditions on which it is to 
‘“‘ be exercised, and that his Grace is bound to conform to it. 


. Tt is said, however, that if the cruives are so widened, his supply of 
“water to the Rack Mill may or will be prejudicially affected. It 
‘“‘ appears to me, however, that his right to take water is not interfered 
‘“‘with by the regulations. 


“JT think that the first question should be answered in the 
“ negative. | 


‘“‘T think the second and third questions should also be answered in 
“the negative. I think the Duke is not bound to widen the cruives. 
‘“‘unless he pleases, and that the Fishery Board are not entitled to. 
‘widen them. 


“'The remedy is that if the Duke proceeds to fish with cruives of a 
“less breadth than 4 feet he may be stopped by interdict.” 


Lord M‘Laren said :— 


‘TY concur with your Lordship in the chair. We must assume that 
“the Commissioners have a statutory power of regulation, and there- 
“fore it is not an answer or good objection to a regulation of this kind 
‘“‘that the mode of enjoyment of the right of fishing is altered in some 
‘‘ respects—and nothing more, I think, has been said in this case. It 
‘is substantially still a right of cruive fishing. At the same time it is 
“ nerfectly plain that the Commissioners cannot, under the guise of 
“regulation, take away or substantially diminish the rights of a 
‘“‘ proprietor of salmon fishing ; and it was for the purpose of safeguard- 
‘“‘ing these rights that the clause in question was inserted.” 


Lord Kinnear said :— 


“ T also agree with your Lordship. With reference to the last’ point 
“in Lord Adam’s opinion, in which he pointed out that the remedy of 
“the Fishery Board, if the Duke of Fife’s cruives do not conform to the 
“‘ regulations, is not to compel him to make them conform, but to prevent 
“him fishing—to interdict his making use of the cruives. Now that 
‘‘may be, but it does not appear to me that by answering the second 
“‘ question in the affirmative we are deciding anything contrary to Lord 
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“‘ Adam’s view as to the proper mode of exercising the right of the 
“Fishery Board. That is not specifically raised in this special case. 
““'The special case puts to us a question as to the rights and obligations 
“of parties; and, agreeing with your Lordship as to the obligation on 
“the Duke’s right, I do not see that we should be called on at this 
“stage to consider how that obligation is to be enforced. On the whole 
“matter, therefore, I agree with the judgment which has been proposed 
“*by your Lordship in the chair.” 


~The second party was found entitled to expenses. 
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Note IV.—ABSTRACT of Sums Raised and Expended 


rs 


RECEIPTS other than from Loans. 


Rateable 
DISTRICT BOARDS Value 
OF of the Penalties 
RIVERS. Fisheries.*| A88¢Ss- | and Ex- | Other | ora 
ments. penses. Sources, ; 
1 2 3 4 5 
£ £ £ = £ 

Alness, , : : ‘ - 584 169 ; : 169"); {4 
Annan, ; : ; ; : 2,793 419 7 : 426 | 2 
Awe, . d : . : : 896 112 11 : _ 123 | 8 
Balgay, ; ‘ 5 ‘ : 20 : 3 45 48 | 4 
Bervie, : : ; é z 536 107 ; : 107 | 5 
Conon, : : ; ; ; 2,540 125 16 : 141 | 6 
Cree, . : : : : : 554 42 p 8 50°} 7 
Dee (Aberdeen), . é : ‘ 14,593 1,021 6 F 1,027 | 8 
Dee (Solway), .. : ; é 1,633 83 j 3 83 | 9 
Deveron, . : : : : 2,383 348 ‘ : 348 | 10 
Don, . : : ’ ‘ ‘ 3,583 665 7 672 | 11 
Esk (North), : : : i 6,812 376 3 1 380 | 12 
Esk (South), 5 ‘ 5 : 3,149 314 13 : 327 | 13 
Findhorn, . ; ; ‘ : 3,501 330 , . 330 , 14 
Forth, : : : : ; 3,766 458 5 : 463 | 15 
Girvan, - - : : - 544 : ‘ : : 16 
Kyle of Sutherland, . , , 2,611 228 1 : 229 | 17 
Lochy, : , ‘ : ‘ 2,122 9 : +771 780 | 18 
Nairn, ; : ; : Z 1,136 70 1 : pare A 
Ness, . ‘ : : : : 3,209 321 18 : 339 | 20 
Nith, . 2 : : : ; 771 85 : ae 55} 2 
Spey, . ; : ; ‘ : 9,588 1,039 11 ; 1,050 | 22 
ABY > A : 5 - 2 19,578 1,273 27 6 | 1,306 | 23 
Torridon, . 3 : , : 20 > , 8 8 | 24 
Tweed, : : ; ; . 15,803 3,157 66 2| 38,225 | 25 
Ugie, . : : ; : : 402 29 , ‘ 29 | 26 
Ythan, : - ‘ . ; 1,024 145 9 : 154 | 27 

TOTAL, : - | 104,151 10,875 204 841 | 11,920 | 28 


* This value is ascertained in terms of the Salmon Fisheries Act of 1862. 
+ Contribution from Lord Abinger. 
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by District Fishery Boarps, during Year ended 15th May 1895. 


EXPENDITURE, not defrayed out of Loans, LOAN TRANSACTIONS. 
2 & $ Loans a 3% zZ 
eae pS ery oh vi = IS <<) 
3 $ E cal E a © =. 
Sse} es) ae | £ ce S as | 
oe en ae as fo) = do | 
i ol Me ain a ce ee 
“Ge ad inf 8, 9 10. 1. 12. 13 14. 
£ £ £ £ £ £ £ £ £ 
1 142 | 30 172 . 
2 350 | 44 394 | 
3 70 | 1 71 | 
4 35 | 13 48 | 
5 99 | 13 112 | 
6 141 62 203 | 
- 52 52 
>> .<3878 207 | 1,085 
9} 82] 82 | 
KOs], e283). | 9} 292 | 
is 614 55 669 
12 423 19 442 
13 243 f 16) A319 
14 321 4]. 825 | 
15 444 11 | 455 | 
16 5 10 | Beas | 
17 216 | 12 228 | 
18 776 Rec ae ea, | 
19 76 eA Darian ae 77 
20 252 49 301 | 
21 80 13 93 
22 981 72| 1,053 
23 825 | 544} 1,369 
24 8 | 8 
25} 2,798 258 | 3,051 
26 25 ; ; 4 20 | 
27 137 Pals ay Ce 17 154 
28 | 10,356). Pe egaat ik iaaare 


| | | 


Note.—A blank return was received from the District Board of the riter Stinchar, there 
being no receipts or expenditure. 
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NOTE VL 


ANNUAL CLOSE TIME APPLICABLE TO THE SALMON 
RIVERS IN SCOTLAND. 


N.B.—Observe that, in the following. List, the days fixing the commencement and 
termination of the Annual Close Time for Net- fishing and for Rod-fishing, respec- 
tively, are in all cases inclusive, as in the case of the Add, the first river in the 
List. 

) 


Annual Close Time for | Annual Close Time for 


Name of River. 


Esk, South, . . 
Ewe, : : 


From Sept. 1 to Feb. 
From Aug. 27 to Feb. 10. 


15. 


From Nov. 1 to Feb. 15. 


Net-fishing. Rod-fishing. 
Add, From Sept. 1 to Feb. 15,'| From Nov. 1 to Feb .15, 
both days inclusive. both days inclusive. 

Aline, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Alness, . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Annan, From Sept. 10 to Feb. 24. | From Nov. 16 to Feb. 24. 
Applecross, : From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
peg os (Loch Hourn), From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Aw From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
penal (Kinloch), From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Ayr, From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
Baa and Goladoir, From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
Badachro and Kerry (Gair- 

loch), . From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 

| Balgay and Shieldag, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 

Beauly, : From Aug. 27 to Feb. 10. | From Oct. 16 to Feb. 10. 
Berriedale, From Aug. 27 to Feb. 10. From Nov, 1 to Feb. 10. 
Bervie, . From Sept. 10 to Feb. 24. | From Nov. 1 to Feb, 24. 
Bladenoch, From Aug. 27 to Feb. 10. From Novy. 1 to Feb. 10. 
Broom, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Brora, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Carradale (in Cant, yf e), From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Carron, . . | From Aug. 27 to Feb. 10. betes Noy. 1 to Feb. 10. 
Clayburn, Finnisbay, ‘Aven- | / 

nangeren, Strathgravat, | 

North Lacastile, Scalla- | 

dale and Mawrig Aaa | | 

Harris), | From Sept. 10 to Feb. 24. | From Noy. 1 to Feb, 24. 
Clyde and Leven, From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. I0. 
Conon, From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
Cree, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Creed or Stornoway, and 

Laxay (Island of Lews), | From Aug. 27 to Feb. 10. From Nov. 1 to Feb. 10. 
Creran (Loch Creran), From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Crowe and Shiel Dae | 

Duich), . . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Dee (Aberdeenshire), . : From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Dee ire ime a From Aug. 27 to Feb. 10. From Nov. 1 to Feb. 10. 
Deveron, : . | From Aug. 27 ta Feb. 10. | From Nov. 1 to Feb. 10. 

D, : : ‘ . | From Aug. 27 tu Feb. 10. | From Nov. 1 to Feb. 10. 
Doon, ; From Aug. 27 to Feb. 10. From Noy. 1 to Feb. 10. 
Drummachloy or Glenmore 

(Isle of Bute), . | From Sept. 1 to Feb. 15. | From Oct. 16 to Feb. 15. 

; Dunbeath, * . | From Aug. 27 to Feb. 10. | From Oct. 16 to Feb. 10. 

Earn, ° ; : . | From Aug. 27 to Feb. 10. | From Noy. 1 to Jan. 31. 
Eckaig, . : . | From Sept. 1 to Feb. 15. | From Nov. 1 to Feb. 15. 
Esk, North, : From Sept. 1 to Feb. 15. | From Nov. 1 to Feb. 18. 


| From Noy. 1 to Feb, 10. 
/ 
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Annual Close Time for 


Name of River. Net-4shing. Rod-fishing. 
Fincastle, Meaveg, Ballana- 

chist, South Lacastile, 

Borve, and Obb i i 

Harris), : . From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Findhorn, . From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Fleet (Sutherlandshire), . From Sept. 10 to Feb. 24.| From Nov. 1 to Feb. 24. 
Fleet (Kirkeudbr ightshire}, }, From Sept. 10 to Feb. 24. | From Nov. 1 to Feb, 24. 
Forss, : From Aug. 97 to Feb. 10. | From Nov. 1 to Feb. 10. 
Forth, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Fyne, Shira, ‘and " Aray 

(Loch Fyne), From Sept. 1 to Feb. 15. | From Nov. 1 to Feb. 15. 
Girvan, From Sept. 10 to Feb, 24. | From Noy. 1 to Feb, 24. 
Glenelg, 2 From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Gour, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 

| Greiss, Laxdale, or Thunga, From Aug. 27 to Feb. 10. | From Novy. 1 to Feb, 10. 
Grudie or Dionard, | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Gruinard and Little Gruin- | 

ard, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Halladale, Strathy, D Naver, | / 

and Borgie, . | From Aug. 27 to Feb. 10.| From Oct. 1 to Jan. 10. 
Helmsdale, é From Aug. 27 to Feb. 10. | From Oct. 1 to Jan. 10. 
_ Hope and Polla or Strathheg, From Aug. 27 to Feb. 10. | From Sept. 11 to Jan. 10. 
| Howmore, . : . | From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
|‘ Inchard, ; : . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Inner (in Jura), E : | Hrom Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Inver, : . From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
lorsa (in Arran), From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Irvine and Garnock, From Sept. 10 to Feb. 24., From Nov. 1 to Feb. 24. 
Kennart, | From Aug. 27 to Feb. 10.| From Nov. 1 to Feb. 10. 
Kilchoan or Inverie Cools | 

Nevis), . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 

| Kinloch (Ki yle of Tongue), . From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Kirkaig From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10, 
Kishorn, : From Aug. 27 to Feb. 10. From Nov. 1 to Feb. 10. 

) Kyle of Sutherland, : From Aug. 27 to Feb. 10. | From Novy. 1 to Feb. 10. 
| Laggan and Sorn 1 (Island of 

| ener From Sept. 10 to Feb, 24. | From Noy. 1 to Feb. 24. 
Laxford From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Leven, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Little Loch Broom, . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Lochy, . : . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Loch Duich, . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Loch Luing, . | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Loch Roag, From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Lossie, From Aug. 27 to Feb. 10. | From Oct. 16 to Feb. 10. 
Luce, | From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Lussa (Island of Mull, 4 From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Moidart, From Aug. 27 to Feb. 10. | From Noy. 1 to Feb. 10. 
Morar, ‘ : | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Mullanageren, " Horasary, 

and Lochnaciste ere ) 

Uist), : E From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Nairn, : From Aug. 27 to Feb. 10.| From Nov. 1 to Feb. 10. 
Nell, Feochan, and Euchar, From Aug. 27 to Feb. 10. From Nov. 1 to Feb. 10. 
Ness, i . | From Aug. 27 to*Feb. 10. | From Oct. 16 to Feb. 10. 
Nith, | From Sept. 10 to Feb. 24, From Nov. 15 to Feb. 24. 

Orkney Islands (River from | | 

_ Loch of Stenness, &c.), From Sept. 10 to Feb. 24. | From Nov. 1 to Feb. 24. 
Ormsary (Loch Killisport), | 

Loch Head, and Stor- | 

noway (Mull of Cantire), | From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
Pennygowan or Glenforsa, Zz 

and Aros, : 'From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 
or . From Aug. 27 to Feb. 10. | From Nov. 1 to Feb. 10. 

uel, ; 


Annual Close Time for 


Name of River. 
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Annual Close Time for 


Annual Close Time for 


Net-fishing. 


Sanda, 
Scaddle, 


Shetland Islands (River y 


Sandwater, &c.), 
Shiel (Loch Shiel), 


Sligachan, Broadford, and 


Portree (Zsle of Skye), 
Snizort, Orley, O2ze, 


Spey, 
Stinchar, 
Tay, 
Thurso, 
Torridon, 
Shieldag, 


Bal gay, 


Ugie, 

Ullapool (Loch Broom), 
Urr, 

Ww ick, 

Ythan, 


and 


Dr ynoch (Isle . Skye), 


and 


From Aug. 27 to Feb. 


From Aug. 


10 to Feb. 
27 to Feb. 


From Sept. 
From Aug. 
From Aug. 27 to Feb. 
27 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
27 to Feb. 


From Aug. 
From Aug. 
From Sept. 
From Aug. 
From Aug. 


27 to Feb. 
10 to Feb. 
27 to Feb. 
10 to Feb. 
27 to Feb. 
10 to Feb. 


From Aug. 
From Sept. 
From Aug. 
From Sept. 
From Aug. 
From Sept. 


27 to Feb. 


24. 


.| From Nov. 
. | From Nov. 


.| From Nov. 
| From Nov. 


Rod-fishing. 


From Nov. 


From Novy. 1 to Feb. 
From Oct. 16 to Feb. 
. | From Nov. 16 to Feb. 
. From Oct. 16 to Jan. 
. From Sept. 15 to Jan. 


From Nov. 1 to Feb. 
From Nov. 1 to Feb. 


From Nov. 1 to Feb 


.| From Dec. 1 to Feb. 
From Noy. 1 to Feb. 
From Nov. 1 to Feb. 


1 to Feb. 
1 to Feb. 


16 to Jan. 
1 to Feb. 


1 to Feb. 


10. 
10. 


31. 
10. 


10. 


10. 
10. 
24, 
14, 
10. 


10. 
24. 
10. 
24. 
10. 
24. 


LIST OF CHAIRMEN AND CLERKS OF SALMON 


DISTRICT. 


Alness, . 
Annan, . 
Awe, . 
Ayr, . 


Baa and Gola- 
doir (Mull), 


Balgay, . 
Bervie, . 
Broom, . 


Conon, 


Cree, . 


Dee (Aberdeen), 


Dee (Solway). . 
Deveron, 

Don, . 

Doon, 


Esk (North), 


Esk (South), 


Findhorn, 


Forth, 
Girvan, . 


Gruinard and 
Little Grui- 
nard, 

Kyle of Suther- 
land, 

Little Broom, . 


Lochy, 

Lussa (Mull) 
and River 
from Loch 
Uisk to Loch 
Buy, 

Nairn, 

Ness, . 

Nith, . 

Pennygowan or 
Glenforsa, | 
and Aros 


(Mull), 


of the Fishery Board for Scotland. 
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FISHERY DISTRICT 


BOARDS IN SCOTLAND. 


Name and Address of Chairman. 


Col. Alex. J. C. Warrand, Ryefield House, 
Conon Bridge, Dingwall. 

A. Johnstone Douglas, Esq., Comlongan 
Castle, Ruthwell. 

The Marquess of Breadalbane, Taymouth 
Castle, Perthshire. 

Richard A. Oswald, Esq. 
cruive, Ayr. 

The Duke of Argyll, Inveraray Castle, 
Inveraray. 

C. R. Manners, Esg., C.E., 12 Lombard 
Street, Inverness. 

David Scott Porteous, Esq. of Lauriston, 
as mandatory of the Commissioners of 
Woods and Forests. 

Sir Arthur George Ramsay Mackenzie of 
Coul, Bart., Coul House, Strathpeffer. 
John Little Mounsey, Esq., W.S., 5 
Thistle Street, Edinburgh, Commis- 
sioner for Col. J. A. F. H. Stewart 

Mackenzie of Seaforth. 

The Earl of Galloway, Cumloden, Newton- 
Stewart. 

The Lord Provost of Aberdeen. 


of Auchin- 


H. G. Murray Stewart, Esq. of Broughton, 
Gatehouse. 
A. F. Leslie, Esq., of Montcoffer, Banff. 


George Falconer, Esq., as mandatory for 
the Aberdeen Ship-masters’ Society. 

Marquis of Ailsa, Culzean Castle, May- 
bole. 

The Rev. J. S. More Gordon of Charleton 


and Kinnaber, per George More Gordon, 
| 


Esq., Charleton, Montrose. 
James Johnston, Esq., Montrose. 


J. J. R. Meiklejohn, Esq., Novar, 


20S8S- 


shire, factor for R. C. Munro Ferguson, | 


Esq., M.P. 

Mandatory of Commissioners of Woods and 
Forests. 

John Campbell Kennedy, Esq. of Dunure. 


Alfred N. G. Aitken, Esq., S8.S.C., Edin- 
burgh, Factor and Commissioner for 
Hugh Mackenzie, Esq., of Dundounell. 

Sir Charles Lockhart Ross, Bart. of Bal- 
nagowan, 

Alfred N. G. Aitken, Esq., S.S.C., Edin- 
burgh, Factor and Commissioner for 
Hugh Mackenzie, Esq. of Dundonnell. 

Lord Abinger, Inverlochy Castle, Kin- 
gussie. 

ges eas G. Maclaine, Esq. of Lochbuie, 
Mull. 


Brodie of Brodie, Brodie Castle, Forres. 


Charles Innes, Esq., Solicitor, Inverness. 


. John Henderson, Esq., Solicitor, Dum- 


fries. 
Vacant. 


| 


Name and Address of Clerk. 


William J. Duncan, Solicitor, Ding- 
wall. 
John F. Cormack, Solicitor, Lockerbie. 


Alex. MacArthur, Solicitor, Oban. 


William Macrorie, Commercial Bank, 
Ayr. 
Alex. MacArthur, Solicitor, Oban. 


Duncan Shaw, W.S., 42 High Street, 
Inverness. 
Arthur Dickson, Solicitor, Montrose. 


W. R. T. Middleton, Solicitor, Ding- 
wall. 
Edmund J. Gunn, Solicitor, Dingwall. 


A. B. Matthews, Solicitor, Newton- 
Stewart. 
Alex. Duffus, Advocate, Aberdeen. 


W. Nicholson, Sheriff-Clerk, Kirkcud- 
bright. 
Francis George, Solicitor, Banff. 


Alex. Duffus, Advocate, Aberdeen. 
W. Macrorie, Solicitor, Ayr. 


Arthur Dickson, Solicitor, Montrose. 


James Donand David G. Shiel, Solici- 
tors, Brechin. 

Wm. Grant, National Bank Buildings, 
Forres. 


Thomas L. Galbraith, Town-Clerk, 
Stirling. 
T. Gerald Tait, Solicitor, Girvan. 


W. R. T. Middleton, Solicitor, Ding- 
wall. 


John Leslie, Solicitor, Dornoch. 


W. R. T. Middleton, Solicitor, Ding- 
wall. 

N. B. Mackenzie, Solicitor, Fort- 
William. 

Alex. MacArthur, Solicitor, Oban. 


H. T. Donaldson, Solicitor, Nairn. 


A. Macdonald, Solicitor, 51 Church 
Street, Inverness. 

C. Stewart Phyn, Procurator-Fiscal, 
Dumfries. 

Alex. MacArthur, Solicitor, Oban. 
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NOTE VII. (continued)—List OF CHAIRMEN AND CLERKS OF SALMON FISHERY DISTRICT 
BOARDS IN SCOTLAND. 


DISTRICT. 


Spey, 
Stinchar, 


Tay, 2 


Torridon, 


| Ugie, 
Ythan, 
Tweed (Police 
Committee of 


the Commis- 
sioners), 


Name and Address of Chairman. 


The Duke of Richmond and Gordon, 
Gordon Castle, Fochabers. 

The Earl of Stair, Lochinch, Wigtown- 
shire. 

Sir Robert Moncrieffe of Moncrieffe, Bart. , 
Moncrieffe House, Perthshire, as man- 
datory for the Hon. F. J. Moncrieff, 
curator bonis of E. B Balfour Kay, 
Esq. of Mugdrum. 

C. R. Manners, Esq., C.E., 12 Lombard 
Street, Inverness. 

Lieut.-Col. Ferguson, of Pitfour, Mintlaw. 


Earl of Errol, Slains Castle, Aberdeen- 
shire. 

Sir William Crossman, Cheswick, Beal, 
Northumberland. 


| 


Name and Address of Clerk. 


John Wink and George A. Cooper, 
Solicitors, Elgin. 
Thomas C. Greig, Rephad, Stranraer. 


Mackenzie 
Perth. 


& Dickson, Solicitors, 


Duncan Shaw, W.S., 42 High Street, 
Inverness. 
Robert Gray, Solicitor, Peterhead. 


D.M. A. Chalmers, Advocate, Abedeen. 


James and David W. B. Tait, W.S., 
Kelso. 


Note.—In addition to the districts specified above, the Duke of Sutherland is sole proprietor of the 
districts of the following rivers, viz. :—Helmsdale, Brora, Fleet, Kirkaig, Inver, Laxford, and Inchard 
(under the charge of his factor, Mr Donald M‘Lean, Dunrobin Office, Golspie); and the Halladale, 
Strathy, Naver, Borgie, Kinloch, Hope, Polla or Strathbeg, and Dionard or Grudie (under the charge 
of his factor, Mr John Box, Tongue); and the Countess of Cromartie is sole proprietrix of the 
district of the river Kennart (under the charge of her factor, Mr William Gunn, Cromartie Estate 
Office, Strathpeffer). 


Fishery Board for Scotland, 
Edinburgh, 11th February 1898. 
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SIXTEENTH ANNUAL -REPORT. 


TO THE RIGHT HONOURABLE 
LORD BALFOUR or BURLEIGH 


Her Majesty's Secretary for Scotland. 


OFrFick oF THE FIsHERY BOARD 
FOR SCOTLAND, 
EpinpureH, Ist May 1898. 


My Lorp, 


In continuation of our Sixteenth Annual Report, we 
have the honour to submit— 


PART IJL—SCIENTIFIC INVESTIGATIONS. 


GENERAL STATEMENT. 


In this part of the Sixteenth Annual Report will be found an 
account of the principal scientific investigations conducted by the 
Board during 1897, in connection with the sea fisheries of Scot- 
land. In the course of the year the investigations, which were 
carried on under the supervision of the Scientific Superintendent, 
were prosecuted on the same general lines as in previous years, and 
have resulted in further extensions of knowledge respecting the 
life-history and habits of the food fishes and the marine inverte- 
brate fauna. Besides the researches, the results of which are set 
forth in this Report, a number of other enquiries have been in pro- 
gress, but are not yet concluded. Among these may be mentioned 
the migration of the herring in Loch Fyne and the Firth of Clyde, 
the action of the seine-net for herrings in the capture of immature 
fish and the alleged destruction of spawn, the life-history of the 
edible crab, and the demarcation of the spawning areas in the 
Moray Firth. 

A considerable part of the scientific enquiries have been carried 
on by means of the ‘Garland,’ the small steamer which the Board 
possesses for this work. As explained in previous Reports, the 
small size of this vessel has restricted the area and the scope of 
the scientific investigations, which have for the most part been con- 
fined to the territorial seas and to the firths and bays. Owing to 
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this circumstance it has been scarcely possible to extend the en- 
quiries to the off-shore waters, so as to ascertain the position and 
limits of the breeding grounds of the food fishes, and the biological 
and physical conditions of the great fishing banks in the North Sea. 
It is in this direction and to this area that we must look in future 
for the greatest advances in the scientific knowledge of fishery 
problems. 

It is anticipated that the concentration of the scientific staff at 
Aberdeen, to be presently referred to, will facilitate the acquire- 
ment of this knowledge, inasmuch as that port possesses a large 
number of steam fishing vessels frequenting all parts of the North 
Sea, which may be in some measure utilised for the purpose. But 
it is obvious that without a suitably equipped steamer, under the 
direct control of the Board, to be systematically employed in the 
manner indicated, such investigations must continue to be both 
tardy and imperfect. 

It may be stated that the Lancashire Sea Fisheries Committee 
are in possession of a steamer, superior to the ‘Garland, which is 
exclusively employed in fishery work, and that the Government of 
the Cape of Good Hope have had a high-class trawler built and 
specially equipped for conducting scientific investigations in con- 
nection with the fisheries of the Colony. 


THE INFLUENCE OF TRAWLING. 


The results of the trawling experiments carried on in 1897, to- 
gether with the various Tables embodying the results of the 
observations, are given in a special report (p. 17). In 1896 the 
trawling investigations were suspended in the Firth of Forth and 
St. Andrews Bay, since which they have been conducted in the 
Moray Firth and the Firth of Clyde. For the reason previously 
referred to, the examination of the stations in each of these areas, 
especially those lying off-shore, has been necessarily imperfect, and 
sufficient information has not yet been acquired to enable a definite 
statement to be made as to the results, or the position and extent 
of the breeding grounds and habitats of immature fishes within 
their limits. 

So far as the observations go, they show that in the Moray Firth 
the average number of flat-fishes taken in each haul of the trawl in- 
creased from 102°7 in 1896 to 149-0 last year; the increase being 
principally in dabs, but also in plaice. The general average for 
round-fishes, comprising cod, haddocks, whiting, and gurnard, 
diminished from 49-4 in 1896 to 32°8 last year, the decrease having 
occurred chiefly in haddocks and gurnards. In the Firth of Clyde 
the trawling experiments show that the average number of flat- 
fishes captured in each haul of the net increased in almost each 
successive year since the observations were begun. In 1888 the 
general average was 61:2, and it was the same on the next occasion 
when all the stations were examined, namely in 1890; in 1895 the 
average was 64°7, in 1896 it was 75:5, while last year it rose to 
84:8. Amongst round-fishes greater fluctuations took place in the 
average number captured. In 1888 it was 44°7, in 1890 and 1896 
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it was 35, in 1895, 43°6, and last year 27:8. The increase of flat- 
fishes in the Clyde area was principally in witch-flounders and 
dabs; plaice increased but slightly. 

The special statistics which have been collected during the past 
four years as to the quantities of fish caught by line- fishermen in the 
closed waters of the Moray Firth are of considerable interest. The 
following figures show the total quantity so taken, and the average 
weight of fish captured per ‘shot’ of the lines, in each of the dis- 
tricts for the four years :— 


1894, 1895. | 1896. 1897. 
District. “19a et Se a 
Cwts. | Average.| Cwts. | Average.) Cwts. | Average. Cwts. | Average. | 
| / 
——————— = Sasa yoy ec 
| tWiek,. - - °- | 19,008 2°47 23,009 4°03 31,556 540 | 44,258 6°16 
| Lybster,-  - 4,408 4°91 3,977 3°77 4,241 Dts le Tits 4°22 
| Helmsdale, - | 15,826 | 3°52 | 16,669 | 4:15 | 18,360 | 4°71 | 17,148 | 4°93 
| Cromarty, - | 21,346 3:07 19,193 | 29°3 15,317 2°51 | 14,736 2°48 
Findhorn, - 60,074 4°04 68,761 4°86 63,521 4°46 | 46,694 2°66 
| Buckie, . - | 48,540 4°21 50,489 4°66 57,450 5°05 50,067 | 4°77 
| Banff, - - | 49,292 2°94 76,491 4°77 66,471 3°82 | 61,329 | 3°701 
er Pein ee ee a a a tere 
Total, - 218,494 | 3°05 | 258,590 4°43 256,916 4°26 241,350 |, 9°88 


When these figures are compared with the figures given in the 
ordinary statistical Tables published in Part I. of the Board’s Re- 
ports, showing the total quantities of white fish (exclusive of 
herrings, mackerel, and sprats) landed in each of the districts 
named, irrespective of the place of capture, it will be found that 
over 80 per cent. of the total quantity landed is taken from the 
closed waters of the Moray Firth. In the Wick district, which 
contains only a small part of the coast of the Moray Firth, while it 
comprises the northern coast of Scotland from Duncansby Head to 
Cape Wrath, the total quantity of white fish landed last year 
amounted to 88,440 cwts., of which 44,258 cwts., or almost exactly 
half, were caught by line-fishermen in the Moray Firth. All the 
line-caught fish landed in the districts of Lybster, Helmsdale, 
Cromarty, and Findhorn are returned as having been captured in 
the closed waters. In Buckie district, out of a total of 54,629 ewts. 
landed, 50,067 cwts. were taken in the Moray Firth; and of a 
total of 61,476 cwts. landed in the Banff district, 61,329 cwts. 
were drawn from the same area. 

The number of ‘shots’ of the great line made in the closed 
waters has considerably increased during the period indicated. 
In 1894 they amounted to 7082, while last year they were 
14,039, or very nearly double. The ‘ shots’ of the small-line boats, 
on the other hand, have diminished in the same time from 54,866 
to 48,836. 

With respect to the fluctuation in the quantities of fish taken 
by line in the closed waters in the various years, it will be seen 
from the figures quoted above that both the total quantity 
captured and the average per ‘shot’ of the lines were less in 
1897 than in the previous year, and that a diminution also occurred 
in 1896 as compared with 1895. That observation refers to the 
area taken as a whole. In two of the districts, Wick and Lybster, 
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there was an increase. The increase in the Wick district amounted 
to 10,702 cwts., the average per ‘shot’ having risen from 5°40 ewts. 
in 1896 to 616 cwts. in 1897; the quantity landed in the Lybster 
district rose from 4241 cwts. in 1896 to 7192 ewts. in 1897, 
the respective averages in the two years being 2°87 cwts. and 
4:22 cwts. The rise in both these districts is probably chiefly 
accounted for by the larger number of great-line boats taking 
part in the fishing. In the Wick district, for example, the number 
of ‘shots’ made by the large boats in 1896 was 2774, while last 
year it was 3911; in 1894 the number was only 396. On the 
other hand, the districts of MHelmsdale, Cromarty, Findhorn, 
Buckie, and Banff show a falling off, although the decrease in the 
catch per ‘shot’ is not as arule large. But although the quantity 
of fish caught by line in the Moray Firth was less in 1897 than in 
either of the two preceding years, it was considerably greater than 
in 1894, when the total only amounted to 218,494 ewts. 
Examination of the statistics with reference to the kinds of 
fish which were caught by line shows that the diminution in 1897 
was chiefly in the quantity of haddocks landed. The full details 


FISH. 1894, 1895. 1896, 1897. 
/ a. 
Cwts. |Av’ rage. Cwts. |Av’rage.| Cwts. |Av’ *E8. Cwts. |Av’rage. 
Cop yo ch ef ie | teal] Bae 47,646] 0°81 | 64,663] 1°07 | 79,731| 1°26 
Ling - - - + - 2,169 oe 2,937 0°005 3,868 0°062 8,544 | 0°056 
Torsk - - - - - | 25) 0:002 24 — 94 — 25 — 
Saithe - - - - - | 6,120} 0:09 5,083 | 0:087 10,636 0°17. 11,761 0°18 
Haddock - - -  ~- {| 153,529] 2°47 |178,370| 3°056 | 156,703} 2°6 126,031} 2004 
Whiting - - - - | 5,845) 0°094 | 5,114 0°087 | 4,836 0:08 3,3)9 | 0°052 
Turbot - - - - - 5) — = a) j4} 15 = 16 _ 
Halibut - . - - 254] 0°004 403} 0°007 | 691 | 0-011 707 | 0°011 
Lemon Sole - —_ — —— | 19 —_ 14 — 
‘ Flounder, Plaice, and Brill’ * 5,477 0°088 5,765 | 0:09 3,402 0°056 3,978 | 0:063 
Conger - - 1,244} 0:02 777 0°013 | 823} 0°013 it 933 | 0:024 
Skate, 3,281 | 0:053 3,014 0-051 | 3,683 0°061 3, "999 | 0:063 
Other Pade of White Fish - d,976;)|.2 O7128 9,456 0°16 7,483 0°12 6, 6638 0°105 


* The fish included under this head comprise, for the most part, plaice and dabs. 


It will be observed that the quantity of haddocks caught in the 
closed waters was less last year by about 30,000 cwts. than in the 
preceding year, and 52,000 cwts. less than in 1895, when this fish 
was exceptionally abundant. The quantity of cod landed in 1897 
shows an increase of 15,000 cwts. over the previous year, and of 
47,000 cwts. over the quantity caught in 1894. Apart from 
natural variation the fluctuations in the quantities of cod and 
haddocks landed are correlated, on the one hand, with the increase 
in the number of the shots of oreat- line boats, by which the former 
are almost exclusively captured, and on the other with the decrease 
in the number of shots by the small boats, which for the most part 
capture haddocks. 


THE HATCHING AND REARING OF Foop-FIsHEs. 


The operations at the Dunbar Hatchery for sea-fishes during last 
year consisted in the hatching of plaice, and in experiments on the 
rearing of plaice, turbot, and lemon soles. Adult plaice, to serve as 
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spawners, were collected from trawlers in February and March, 
and a little over 600 males and females were placed in the spawning 
pond. Fertilised eggs were first observed towards the end of 
February, and from that time until 11th May 30,960,000 eggs 
were collected and transferred to the hatching apparatus. Of 
these, about 95 per cent. were successfully hatched, and the bulk 
of the fry, over 21,000,000 in number, were transported to Loch 
Fyne in April and May, and liberated in the waters of the loch at 
various places between Otter Spit and Strachur. 

The numbers of the various species which have been hatched at 
the establishment and liberated in the sea since the work was 
begun are as follows :— 


Plaice. Cod. Lemon Turbot. Others. | Total. 
Soles. | 


\ 


26,060,000} 500,000 af is | 26,560,000. 


1894 

1895 38,615,000 | 2,760,000 | 4,145,000 3,800,000 1,050,000 50,870,000 
1896 - 11,350,000 750,000 | 1,580,000 | 1,860,000 950,000 15,990,000 
| 


1897 _ 24,870,000 V4 i nt Lo 94.370, 000" 


i ee 


——— 


| 100,395,000 | 4,010,000 | 5,725,000 5,160,000 | 2,000,000 117,000,000 
_ It was pointed out in several preceding Reports that the hatch- 
ing work had been much impeded by the absence of sea-water 
enclosures in which the adult fishes, to serve as spawners, could be 
gradually collected, and retained from one season to another. It was 
therefore necessary to procure a fresh supply of living fishes each 
year before the spawning season began, and this course has, up to 
the present, been followed, the fishes being obtained from trawlers 
and transported to the hatchery by the ‘Garland.’ Besides 
involving considerable direct expenditure, and interrupting the 
ordinary work of the ‘Garland, this method of obtaining the 
breeding stock has serious disadvantages. A large proportion of 
the adults, which are distended with developing eggs, are injured 
in the unavoidably rough process of capture by trawl-nets, and 
most of these subsequently die shortly after they are placed in 
the spawning pond. Moreover, experience has shown that those 
ripe fishes which escape injury in this way require a certain time 
in which to become accustomed to confinement before they will 
shed their eggs. The spawning is under the control of the parent, 
and in such cases retention of the eggs in the gravid female not 
only leads to paralysis of the mechanism of oviposition and the 
loss of the eggs, but frequently causes the death of the fish. From 
these circumstances the quantity of fertilised eggs hitherto obtained 
at Dunbar has been much below what it would have been under 
more favourable conditions. 

- The formation of a large tidal enclosure in which the adult fishes 
might be retained from one season to another was an integral 
part. of the plan adopted by the Board when the. akie hatchery 
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was erected, and the Magistrates and Council of Dunbar granted 
the use of a creek at the mouth of the harbour there for the 
purpose. It was, however, found subsequently that the enclosure 
of this creek might endanger the safety of fishing boats making 
for the harbour in stormy weather, and the Burgh Authorities 
withdrew their consent. 

The alternative had then to be considered whether the fish- 
hatching operations should be continued under the existing 
unsatisfactory conditions, or abandoned altogether, or whether 
another site should be chosen where a suitable tidal enclosure 
could be constructed. It was decided to adopt the latter course, 
and a site was selected in the Bay of Nigg, close to Aberdeen. The 
Corporation of Aberdeen, to whom the ground belongs, courteously 
granted a lease of the site to the Board at a nominal rent; plans 
were prepared by Mr. Rust, the City Architect, and the work is 
now in progress, The tidal enclosure will consist of a concrete 
tank ninety feet in length by thirty-five feet in breadth, and with 
an average depth of seven anda half feet. It will be sunk in the 
ground deep enough to allow it to be filled daily, if desired, by the 
flow of the tide, the water being admitted through a twelve-inch 
pipe. At the end of this season’s hatching operations, the wooden 
hatchery at Dunbar, with the apparatus, pumps, and plant, will be 
removed to the Bay of Nigg. 

In deciding to remove the fish hatchery to Aberdeen it was also 
deemed desirable to establish a marine laboratory at the same place, 
so that the scientific staff might be concentrated at one station, and 
the two branches of work carried on together under the supervision 
of the Scientific Superintendent. In coming to this decision con- 
sideration was given to the fact that special facilities exist at 
Aberdeen for the prosecution of scientific fishery research. As the 
chief fishing port in Scotland it possesses a large fleet of steam 
fishing vessels, both trawlers and liners, as well as herring boats, 
and opportunities will thus be afforded for the study of the life- 
history of fishes and marine biology generally. At the same time, 
chiefly by means of the ‘Garland, other investigations will be 
carried on as heretofore in the Moray Firth and the Firth of 
Clyde. | 


RESEARCHES ON THE DEVELOPMENT AND MATURATION OF 
THE EGGS OF FISHES. 


In several of the preceding Reports of the Board numerous 
papers have been published dealing with the description of the 
floating eggs of the food fishes and the development of the embryo. 
It is now well established that the eggs of all the important edible 
fishes, with the exception of the herring, are buoyant or pelagic; 
and may be carried considerable distances by the movement 
of currents. In the present Report Dr. Wemyss Fulton, the 
Scientific Superintendent, describes the growth and develop- 
ment of the ovarian eggs of teleostean fishes, belonging both 
to the pelagic and the demersal varieties, of which he gives a ~ 
summary, as follows:—‘The investigation deals mainly with the 
‘later stages in the ovation development of the teleostean ovum, 
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‘especially the maturation of the pelagic ovum, and with certain 
‘phenomena which arise in consequence of the changes which occur. 
‘The most important point which has been determined is that the 
‘final change in the maturation of the pelagic ovum, while still 
‘within the ovary, is accompanied by a comparatively rapid and 
‘relatively great accession of a watery fluid, of low density, secreted 
‘by the follicle, which dissolves the yolk-spherules, is associated 
‘with the dissolution of the germinal vesicle, and the definite for- 
‘mation of the germinal layer ; distends the ovum to three or four 
‘times its former volume, thinning the capsule correspondingly, 
‘renders it of crystalline transparency, and reduces its specific 
‘gravity so that it is enabled to float in sea-water of ordinary den- 
‘sity—in other words, to become pelagic. The fact has also been 
‘established that this change likewise occurs in the demersal eggs of 
‘ Teleosteans at maturation, but to a less extent, the quantity of fluid 
‘absorbed being much smaller in amount, and the yolk-spherules 
‘remaining comparatively little affected. 


‘The process is different from the ordinary slow growth of the 
‘eggs within the follicle. It is a more rapid: physical or physico- 
‘chemical change, the fundamental function of which is probably 
‘the partial solution of the yolk, the dissolution of the germinal 
‘vesicle, and the rearrangement of the chromatin—the phase mark- 
‘ing the completion of ovarian growth and the preparation of the 
‘ego for fertilisation—but which has, so to speak, been specially 
‘developed for another purpose—namely, to enable the eggs to 
‘float and to become widely dispersed. 


‘The discovery of the dilution of the nutritive yolk by several 
‘times its volume of water explains a number of phenomena hitherto 
‘obscure in the development of the embryo of pelagic eggs, such as 
‘its comparatively brief duration, the absence of true vitelline circula- 
‘tion, the simple mode by which the yolk is absorbed, the rapidity 
‘with which it is absorbed in the larval stage, and the relatively small 
‘and ill-developed condition of the larva. It is obvious that, since 
‘the substance of the embryo and larva is almost entirely derived 
‘from the yolk, an egg in which the yolk has been diluted with three 
‘or four times its bulk of watery fluid has only a third or a fourth 
‘of the nutritive power of one in which the yolk remains in its 
‘original state; and that, other things being equal, the physiological 
‘ transformation of yolk into embryo ought, in such a case, to be both 
‘more rapid and easy, and the resulting embryo either smaller or less 
‘developed or both. In this sense, so far as concerns nutritive value, 
‘the mature demersal egg is comparable, not to the mature pelagic 
‘egg, but rather to the preceding opaque stage; although the initial 
‘nutritive value of the latter, unit for unit, is in reality inferior. 


‘A knowledge of the nature of the yolk in pelagic eggs likewise 
‘explains the gradual sinking of the larve after they are hatched, 
‘and even in some cases of the egg containing the advanced embryo. 
‘It is in virtue of the watery yolk of low specific gravity that the 
‘egg floats, and as this becomes used up in the growth of the little 
‘fish, to which it is attached, and transformed into its denser tissues, 
‘the specific gravity of the whole is increased, until it exceeds that 
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‘of the sea water in which itis immersed. Hence the general rule 
“that pelagic eggs are obtained in the surface layers of the sea, while 
‘the larve are found most abundantly towards the bottom and in 
‘the middle layers. The expansion of the pelagic ovum at matur- 
‘ation to three or four times its previous size is also correlated in 
‘certain important respects with the life-history of the species. 

‘Inasmuch as the entrance of fluid into demersal eggs can have 
‘no hydrostatic function, it is highly probable that the same change 
‘is of normal occurrence in many other groups, such as the mam- 
‘malia, and is associated with the disappearance of the germinal 
‘ vesicle.’ 

In order that the chemical changes which occur in the processes 
described might be as far as possible elucidated, the Board appointed 
Dr. T. H. Milroy, of the Physiological Department of the Univer- 
sity of Edinburgh, to make a research on the subject, and his report 
is also published in the present volume. It is shown that among 
pelagic eggs the quantity of water present rises during maturation 
from about seventy to over ninety per cent. of the total contents, 
while among demersal eggs it rarely rises over seventy per cent.; 
and the quantity is constant in the eggs of a particular species. It 
is also shown that besides the absorption of water there is a con- 
siderable increase in the salts during maturation ; anda description 
is given of many hitherto obscure points in the chemistry of the 
egg. | 
Also in connection with this branch of fishery research, Mr, H. 
Ch. Williamson, M.A., B.Sc., has made a study of the absorption of 
the yolk, and the primitive circulation in the pelagic eggs of fishes, 
especially in the haddock, whiting, flounder, hake, anchovy, and 
murenoids, in which it is shown that a modified vitelline circu- 
lation of yolk corpuscle occurs. The respiratory processes in the 
embryo of teleostean fishes is also described, and illustrated in two 
plates. : 

In another paper Dr. Fulton gives an account, with figures, of 
the hitherto undescribed ovaries of the angler or monk-fish and the 
John Dory, together with a description of the ovarian eggs. 


THE Post-LARVAL STAGES OF FLAT-FISHES. 


In the present Report Mr. H. M. Kyle deals with a subject which 
is frequently of considerable practical importance in fishery 
questions, namely the identification of flat-fishes in their very young 
stages. It is often a matter of much difficulty to identify such 
young forms living on the beaches or in shallow water, and thus 
the young of worthless species may be confounded with those of 
valuable edible forms. Mr. Kyle has made a comparative study of 
a large number of specimens of the post-larval stages of the plaice, 
dab, flounder, long rough dab, and lemon sole, and has carefully de- 
scribed their differential characters and represented them in a 
series of figures. 
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SEINE-NET FISHING FOR HERRINGS. 


The question of the alleged injurious action of the seine-net in 
fishing for herrings on the West Coast was made the subject of an 
investigation, which is not yet completed. The two chief objections 
raised against this mode of fishing are that it wastefully destroys 
the spawn of herrings which has been deposited on the bottom, 
and captures and destroys large quantities of immature herrings. 
For some years in succession arrangements have been made to carry 
on an investigation on the former point at the well-known spawning 
sround at Ballantrae Bank, but on each occasion the fishing has 
been so poor that the seine-net boats did not take part in it. 
During last summer an enquiry was begun in Loch Fyne with 
reference principally to the action of the seine-net in capturing 
immature herrings, and the catches of several hundreds of seine-net 
boats were examined and the condition of maturity of large num- 
bers of the smallest herrings determined. This investigation will 
be completed during the ensuing season. 

As will be seen by a reference to the statistics in Part I. (p. 
117), the herring fishing last year in Loch Fyne was exceptionally 
abundant. 


THE PELAGIC FAUNA OF THE FIRTH OF ForRTH AND LocH FYNE. 


In an elaborate paper Mr. Thomas Scott, F.L.S., gives the results. 
of a study of the distribution of the pelagic fauna of the Firth of 
Forth and its vicinity, founded upon his observations on board the 
‘Garland’ during the seven years from 1889 to 1895. He deals 
with the various groups of invertebrates captured in the tow-nets, 
most fully with the Crustacea, and also with the pelagic eggs of the 
food fishes. The distribution of some of the most typical species at 
several selected stations during the various months of the year has 
been very carefully investigated, the results being indicated in a 
series of tables and graphic charts. Among many points of interest 
elucidated is the fact that in March and April the waters begin to 
swarm with the larve of crustaceans, which form a most important 
part of the food of young fishes, and that this abundance of fish-food 
is maintained throughout the summer by the successive spawning 
of different species of crustaceans. Mr. Scott has also supplemented 
his investigations on the invertebrate fauna of Lochfyne by a paper 
in the present Report, in which he describes a number of new 
Species, etc., especially of Crustacea. 
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THE INVERTEBRATE FAUNA OF INLAND WATERS. 


In order to determine the seasonal variations in the invertebrate 
fauna of inland waters Mr. Scott has made periodical examinations 
of a number of Scottish lochs, including Loch Lomond, Loch Kat- 
rine, and Loch Achray, and has also investigated the fauna of 
several of the lochs in the Shetland Isles. In the present Report 
he describes the results of the latter enquiry and also furnishes 
descriptions of a number of new species which he has discovered. | 
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SECTION A.—GENERAL REPORTS. 


I.—REPORT ON THE TRAWLING EXPERIMENTS OF THE 
‘GARLAND, AND ON THE FISHERY STATISTICS 
RELATING THERETO. 


INTRODUCTORY. 


During the year 1897 the trawling operations of the ‘Garland’ were 
for the most part conducted in the Moray Firth and in the Firth of Clyde. 
The number of hauls of the trawl made in these areas was 114, the 
stations having been examined in April, May, June, September, and 
November. The work at each station consists (1) in trawling along a 
selected line for a specified distance, all the fish caught being carefully 
enumerated, measured, and recorded ; (2) observations on the temperature, 
salinity, and transparency of the water, and on the condition of the weather 
and sea ; (3) determination of the invertebrate fauna living on the bottom, 
which constitutes the principal food of the fishes caught in the net; (4) 
volumetric and specific determination of the pelagic fauna floating in the 
‘water. The Tables relating to these investigations are appended to this 
Report. In addition, investigations have been made on the distribution 
of pelagic eggs and larval fishes by Mr. H. Ch. Williamson, and on | the 
distribution of immature and spawning fishes. 

- The ‘Garland’ was also employed, in connection with the sea-fish 
‘hatchery at Dunbar, in procuring adult flat-fishes and in the transportation 
-of the fry, and in making enquiries into the herring fishing in Loch Fyne. 

The statistics which have been collected in connection with the trawl- 
ing experiments in the Moray Firth, showing the quantities of the various 
kinds of fish caught by line fishermen within the closed waters in each 
month of the year and for the whole year, are appended to this Report 
and are discussed below. These statistics were collected by the fishery 
-officers of the respective districts, or by their correspondents. The 
trawling records were made by Mr. Thomas Scott, F.L.S., and by 
me F. G. Pearcey; occasionally by Captain Campbell, in command of the 

“ Garland.’ 
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1. THe TRAWLING EXPERIMENTS IN THE Moray FIrtTa. 


The means taken to ascertain the influence of the closure of this area 
to beam trawlers on the abundance of the food fishes within it have con- 
sisted, first, of trawling observations of the ‘Garland’ at the sixteen 
stations, inshore and offshore; and, secondly, the collection of special 
statistics around the coast to show, as far as possible, the quantities of the 
various kinds of fishes caught by line fishermen within the closed 
area in each month of the year, and the number of ‘shots’ of the lines 
by which these fishes were captured. The fish caught by trawl consist, 
for the most part, of flat-fish, while those taken by hook are principally 
round-fish. During last year the stations were examined in June and 
November, 32 hauls being made. So faras the results go they show 
that the average numbers of flat-fishes captured per haul of the net at each 
of the stations were as follows :— 


FLAT-FISHES, 


Station. | “Plaice. | emon | itch | Common |h. Rosen! Turbat, |° Brill, | Total. 
- ao “so 10°0 50°0 8-0 109°0 
2 26:0 | oe 20 26°0 75°5 28°5 0°5 158°5 
3 a7 + The OD oS. 4°5 bes 48°0 
4 45°5 wis ‘se 15°0 su 60°5 
5 570 2°0 : 87°5 05 | 0°5 148°5 
6 71°0 75 e 134°0 rt 215°0 
7 2°0 8°5 0°5 319°0 46°0 376°0 
8 4°5 10°5 1° 206°0 44°0 266°0 
9 2°¢ 12°5 1:0 175°0 51°5 242°9 
10 2°0 4°5 24:0 40°0 65°5 1360 
11 3°D 5°0 igi! 101°0 af 109°5 
12 6°5 4°5 117°0 0°5 128°5 
13 Be SAL IES 41:0 0°5 59°0 
14 2’) | ante 59°0 16°0 85:0 
15 CO 4. . Op 150°5 23°5 186°5. 
16 60° | 13°0 27°0 11:0 57°0 


When compared with the corresponding returns for 1896 these figures 
show a general increase of flat-fishes, the average per haul over the whole 
area being 149°0 as against 102°7 in the previous year. The largest 
increase is shown in common dabs and plaice, the figures for the former 
in the two years being 66°4 and 100:2 respectively, and those for the- 
latter 11°9 and 19°7. The average number of round-fishes, comprising. 
cod, haddock, whiting, and gurnard, varied from 12°5 to 80°5 at the- 
different stations, the general average for the whole area being 32°8, as. 
against 49°4 in the previous year, showing, therefore, a decrease, which 
was chiefly in haddocks and gurnards. The data are at present insufficient . 
to enable anything more than a transient conclusion to be drawn. 

Informatien is also being accumulated, as far as the means permit, with 
respect to the determination of the breeding or spawning grounds in the- 
Moray Firth, and the distribution of immature fish throughout the area at . 
different seasons; and it is hoped that sufficient information will be- 
acquired to enable a report on this subject to be prepared in the near- 
future. 

The special statistics of the fish caught within the closed area of the- 
Moray Firth by line fishermen have been collected for the past four years. . 
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The total quantity of fish caught and the average catch per ‘shot’ in the 
various districts for each of the years is as follows :— 


rT 
1894. 1895. 1896. 1897. 


District. 5 
Cwts. |Average.| Cwts. |Average.| Cwts. |Average.| Cwts. |Average, 
Wick, - - 19,008 2°47 23,009 4°03 31,556 5°40 44,258 6°16 
Lybster, - -. 4,408 4°91 3,977 377 4,241 2°87 7,118 4°22 
| Helmsdale,~ - 15,826 3°52 16,669 4°15 18,360 4°71 17,148 4°93 
Cromarty, - 21,346 3°07 19,1938 2°93 15,317 2°51 14,736 2°48 
Findhorn, - 60,074 4°04 68,761 4°86 63,521 | 4°46 46,694 2°66 
Buckie, - - 48,540 4°21 50,489 4°66 57,450 5°05 50,067 4°77 
Banff, - - 49,292 | 2°94 76,491 4°77 66,471 3°82 61,329 3°701 
Total, - | 218,494 | 3°05 258,590 4°43 256,916 4°26 | 241,350 3°83 


It is interesting to compare the figures given in this Table with the 
figures showing the total quantity of the same kinds of fish landed in 
each district, and caught both within and without the closed area. 

Thus, excluding herrings, sprats, and mackerel, which are not com- 
prised in the special statistics referred to, the total quantities, in cwts., 
of white fish landed in each of the districts in 1897 were as follows :— 


Wick. Lybster. Helmsdale. Cromarty. Findhorn. Buckie. Banff. 
88,440. 7,118. 17,148. 14,736. 46,694. 54,629. 61,476. 


When these figures are compared with those given above, it will be 
seen that almost all the line-caught fish landed in those districts are 
taken from the closed waters of the Moray Firth. The Wick district 
comprises only a comparatively small part of the coast of the Moray 
Firth, while it includes the north coast of Scotland as far as Cape 
Wrath ; and the totals for the whole district are, of course, derived from 
the whole extent of coast within its limits. Yet almost exactly half 
of the total quantity of line-caught fish landed in the district is drawn 
from the Moray Firth. All the line-caught fish landed in the districts 
of Lybster, Helmsdale, Cromarty, and Findhorn are returned as having 
been captured in the closed waters of the Moray Firth. In Buckie 
district, out of a total quantity of 54,629 cwts. landed, 50,067 cwts. are 
returned as taken from the closed area; and of a total of 61,476 cwts. 
of line-caught fish landed in the Banff district, 61,329 cwts. were taken 
within the same area. | 

With respect to the increase or decrease in the quantities taken by 
line in each year in the closed waters, it will be noticed from the fore- 
going Table that both the total quantity caught, and the average per 
‘shot’ of the line, were less in 1897 than in 1896, and that a similar 
diminution occurred in 1896 as compared with 1895. That, observation 
refers to the area taken asa whole. In two of the districts there was 
an increase, and indeed an almost continuous increase since 1894, in the 
quantity of fish landed. These districts are Wick and Lybster, which 
are situated on the coast of Caithness, in the northern part of the area ; 
the districts in the central part and on the south coast show a decrease 
both in the total quantity caught and in the average catch per ‘shot.’ 
The increase in Wick district amounted to 10,702 cwts., the average per 
‘shot’ having risen from from 5°40 cwts. in 1896 to 6°16 cwts. in 1897; | 
the quantity landed in the Lybster district rose from 4241 ecwts. in 
1896 to 7192 cwts. in 1897, the respective averages in the two years 
being 2°87 cwts, and 4°22 cwts. 
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On the other hand, the districts of Helmsdale, Cromarty, Findhorn, 
Buckie, and Banff each showed a decrease, although the falling-off in the 
average catch per ‘shot’ is not as a rule large. At Helmsdale and 
Cromarty the diminution in the total quantity landed was trifling, while 
a slight increase in the average per ‘shot’ occurred at Helmsdale, and 

n equally slight decrease in the average at Cromarty. At Findhorn the 
decrease in quantity amounted to 16,836 cwts., the totals for the two 
years being 63,521 cwts. in 1896, and 46,685 cwts. in 1897. The 
average catch per ‘shot’ fell from 4°46 cwts. to 2°66 cwts. At Buckie 
there was a decrease of about 7000 cwts., and at Banff a decrease of 
about 5000 cwts., but the diminution in the average catch was not large. 

If we now turn to the operations of the boats which prosecuted line 
fishing in the closed area, we shall find that while the number of ‘shots’ 
made by the small boats remained practically stationary—there having 
been only a trifling increase—the number of ‘ shots’ of the large boats 
increased considerably, and this has been the tendency yearly since the 
statistics were begun, as the following Table shows :— 


Wick. ‘Ly bster. $ p ; Findhorn. 

Year. 3 

a0 

H 

S 

Mw 
1894 396 10,544 
1895 | 1,553 11 481 
1896 | 2,774 10,450 
12,810 


1897 | 3,911 


The total number of ‘shots’ made by great-line boats and by small- 
line boats in the Moray Firth, as a whole, in each of the four years— 
1894—-1897—-are as follows :—Large boats, 7082, 7710, 11,915, and 
14,039 ; small boats, 54,866, 50,643, 48,346, and 48,836. The number 
of ‘shots’ made by the great-line boats in 1897 was greater than in 1896 
in all the districts except Cromarty and Buckie; the increase was most. 
marked in the Wick and Findhorn districts. On the other hand, the 
number of ‘shots’ made by the small-line boats increased in the Wick, 
Lybster, and Findhorn districts, and diminished in the other districts. 

With respect to the different kinds of line-caught fish taken in the 
closed waters of the Moray Firth, the following Table shows the quan- 
tities and average catches in each of the four years :— 


——___ 


FISH. 1894. 1895. 1896. 1897. 


Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage.| Cwts. |Av’rage.. 


Cod - - - : - | 32,571} 0°52 47,646| 0°81 64,663 | 1°07 79,731 | 1°26 
Ling - - - : : 2,169 | 0°035 2,937 | 0°005 3, 868 |} 0°062 3,544 | 0°056 
Torsk - - - - - 25} 0°'002 24 — 94 — 25 _ 
Saithe - - - - - 6,120} 0°09 5,083 | 0°087 | 10,636} 0°17 11,761; 018 
Haddock - : - - | 153,529| 2°47 |178,370| 3°056 | 156,703 | 2°6 126,031 |; 2°004 
Whiting - - - - 5,845 | 0°094 5,114 | 0°087 4,836 | 0°08 3,319 | 0°052: 
Turbot - - - - - 5 — = — 15 _ 16 _ 
Halibut - - - - 254} 0°004 403} 0°007 691 | 0011 707 | 0°011 
Lemon Sole - - - — — — — 19 —- 14 — 
* Flounder, Plaice, and Brill **| 5,477 | 0°088 5,765 | 0°09 3,402 | 0°056 3,978 | 0°063: 
Conger - - - + - 1,244| 0°02 777 | 07013 823 | 0°013 1,533 | 0°024 
Skates - - 3,281 | 0°053 3,014 | 0°051 3,683 | 0°061 3,999 | 0°063 


Other kinds of White Fish - - 7,976 | 0°128 9,456 | 0°16 ", 483 | 0°12 6, 663 | 0°105 


* The fish included under this head comprise, for the most part, plaice and dabs. 
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This Table shows that the great bulk of the fish caught in each year 
within the whole area consisted of haddocks and cod. The preponderance 
of haddocks is most marked in the southern districts, where the greatest 
number of small-line boats are to be found. On the other hand, cod, ling, 
and saithe were relatively most marked in the catches landed in the 
northern districts, and especially at Wick. 

The quantity of flat-fishes landed in each year was small. Of turbot 
and lemon sole only a few hundredweights were caught. The greater 
number are included under the heading ‘flounder, plaice, and brill,’ 
which comprise principally plaice and dabs. The total quantity of flat- 
fishes landed in each of the years was as follows :—5736 cwts., or 2°6 
per cent. of the whole, in 1894 ; 6170 cwts., or 2°3 per cent., in 1895 ; 
4127 cwts., or 1°6 per cent., in 1896; and 4715 cwts., or 1°9 per cent., in 
1897. ‘The slight increase indicated last year, as compared with the 
previous year, took place for the most part in the group ‘ flounders, plaice, 
and brill;’ there was also a slight increase in the quantity of halibut 
landed. It must not be forgotten that the increase in the quantities of 
halibut landed, as of cod, ling, saithe, conger, and skate, does not neces- 
sarily imply a greater abundance of these fishes on the fishing grounds. 
They are caught almost exclusively by the great-line boats, and, as we 
have seen, the number of shots made by these boats has very much 
increased ; while the averages given in the returns apply to all the ‘shots,’ 
both great-line and small-line, combined. In each of the four years with 
which the statistics deal an increased quantity of cod was landed from the 
closed waters, as compared with the year immediately preceding. This 
remark applies also to the average catch per ‘shot’ of the lines. In 
1897, 79,731 cwts. were landed, as against 64,663 cwts. in 1896, 47,646 
ewts. in 1895, and 32,571 cwts. in 1894. This increase is most marked in 
the Wick district, where great-line fishing in the closed waters has been 
greatly developed. The average per ‘shot’ steadily increased from 0°52 
ewts. in 1894 to 1:26 cwts., or more than double, in 1897. The averages 
for each district in the various years are as follows :—- 


1894. 1895. 1896. 1897. 
Wick, - 2 - 0:99 1°83 3°22 4°16 
Lybster,  - - - 1:92 179 TPT 2°47 
Helmsdale, - - 0:75 bot 2°01 2°39 
Cromarty, - - - 0:59 0-617 0:74 0-61 
Findhorn, - - . 0°48 0:75 0°85 0°52 
Buckie, - - - 0°55 10 1:3 1°68 
Banff, - . - 0°13 0-2 0°22 0°41 


These figures show the great increase in the average of cod in the 
northern districts and in the Buckie district ; in the other districts the 
change is not so striking. 

The quantity of haddocks canght in the closed waters diminished con- 
siderably in 1897 as compared with the three preceding years. Thus the 
quantity landed was 153,529 cwts. in 1894 ; in 1895 it rose to 178,370 
ewts., in 1896 it fell to 156,703 cwts., and last year to 126,031 cwts., or 
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more than 50,000 cwts. under the catch in 1895. The average per ‘ shot’ 
did not decline in the same ratio. Those for the various districts are 
shown in the following Table :— 


1894. 1895. 1896. 1897. 
Wick, - = : 0:54, 0:508 0:22 0:19 
Lybster, - - - 1°63 1:29 0:69 1028 
Helmsdale, - . 2°16 pe) ie 2°2 1:59 
Cromarty, - - - 2°18 1:96 151 1:54 
Findhorn, - . - 3°31 3°73 3°32 1:92 
Buckie, - - - 3°178 3°19 3°16 2°62 
Banff, - - - 2°47 4:07 3°06 2°82 


These figures show a diminished average in all the districts. 

The next most abundant line-caught fish is the saithe or coal-fish, and 
the figures show that a slightly increased quantity was landed in 1897. 
In 1894 the total for the whole of the Moray Firth was 6120 ewts., with 
an average per ‘shot’ of 0°09 cwts. ; last year the total was 11,761 cwts., 
with an average of 0°18 cwts. per ‘shot.’ The average catch has also 
increased, as a rule, in each year. 

Both the total quantity and the average catch per ‘shot’ of whiting 
landed has decreased in each of the four years as compared with the year 
preceding. In 1894 the total for the whole area was 5845 ewts., with an 
average per ‘shot’ of 0°094 cwts.; in 1895 the total was 5114 cwts., with 
an average of 0-087 cwts.; in 1896 the total was 4836 cwts., and the 
average 0°08 cwts., while last year the total quantity fell to 3319 cwts., 
and the average catch to 0°052 cwts. 

The quantity of conger landed in 1897 showed a considerable increase 
over that for the previous year, and the average also rose. There was also 
an increase in the total quantity of skate landed, but the average catch 
remained almost the same, the figures for the twu years being 3683 cwts. 
and 3999 cwts., and the averages 0°061 cwts. and 0:063 ewts. respectively. 
Of other kinds of line-caught white fish not separately enumerated, the 
figures show a falling-off both in regard to quantity and to the average 
catch per ‘shot.’ 

The figures given above show that the increase in the quantity of white 
fishes caught by line in the Moray Firth which occurred in 1895 has not 
been maintained in 1896 and 1897, The latter year shows a falling-off to 
the extent of 15,566 cwts. as compared with the previous year, and tothe 
extent of 17,240 cwts. as compared with 1895. On the other hand, the 
total catch last year exceeded that of 1894 by 22,856 cwts. The variation 
has been caused for the most part by the fluctuations in the quantity of 
haddocks landed. 


2. Tue Firts or CLyDe. 


During last year the twelve trawling stations in the Firth of Clyde were 
examined on three occasions, in April, May, and September; and a num- 
ber of special hauls were made at other stations along selected lines,“ in 
order to determine the distribution of spawning fish and of immature fish at 


of the Fishery Board for Scotland. ) 23 


various parts of the area. The total number of hauls made was 106, 
many of them being made by small-meshed nets ; and the work included 
an examination of various parts of Loch Fyne. 

Comparison of the results obtained in the various years in which the 
stations were examined shows that, taking all stations together, and all 
kinds of fish, the average number caught per haul of the trawl has gener- 
ally increased over the whole period, although fluctuations occurred in 
different years. In 1888 the general average was 109°7 per haul ; in 1890 
it was 99°5 per haul ; in 1895 it was 113°4 ; in 1896 it was 120°7, and 
last year it was 112°5 fishes per haul of the net. 

The averages for the two groups of flat-fishes and round-fishes show that 
the fluctuations have been for the most part in round-fishes ; the average 
for flat-fishes has improved in each succeeding year. The averages are as 
follows :— , 


-1888. | 1890. | 1895. | 1896. | 1897. 


Flat-Fishes, - - 61°2 61:1 64:7 fa5 84°8 
Round-Fishes, - - 44°7 35°1 43°6 30°] 27°8 


An examination of the statistics relating to the different kinds of fishes 
captured shows that the increase of flat-fishes took place for the most part 
among witch flounders and dabs, the average for plaice having only 
slightly increased. Plaice, however, are not so abundant in the Clyde as 
on the East Coast, the most common flat-fish being the comparatively 
worthless witch flounder ; the general average for plaice in the Moray 
Firth, for example, is about twenty per ‘shot,’ while it is only slightly 
over two in the Clyde. The various tables showing the numbers and 
species of fishes taken in the course of the experiments, with the other 
data, will be found appended to this Report. 


T. WEMYSS FULTON, 


Scientific Superintendent. 
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TABLE A.—SuHowine SumMMaARY OF FISH TAKEN BY THE ‘GARLAND’ IN 


Flat-Fish. Round-Fish. 
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TRAWLING OPERATIONS IN 1897, 
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TABLE A.—SuHowina SuMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1897—continued. 


Round-Fish. 


Flat-Fish. 


a | of a : 
Station and Ag a a F : é r= 
Date -lal? le Sime 4 bp oS Fl 
ite Shall Sie l eis sis] 8 a} ia | 
= ° aig alec oo) & Lo] 3 P| —] MS) 5 - 
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A ISIE Salsa! & Ciiecineg: PF ey fie} S |S 
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FIRTH—con- 
tinued. 
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9 borh 9 azo lesa. PP . lege: < 16 631 


Station IX. 
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~4|9l/4s/solsi|.|.|. lel 6 that Pai 


Station XI. 
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Station XII, 
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Station XIII. 
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Nov. 20, . 


Station XIV. 


June 11, 
Nov. 18, 
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TABLE A.—SHowinea SUMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1897—continued. 


Flat-Fish. Round-Fish. 
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TABLE A.—SHowine SuMMARY OF FISH TAKEN BY THE ‘GARLAND’ IN TRAWLING 
OPERATIONS IN 1897—continued. 
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— | — — | S| i eer es | eee 
——— 


STATISTICS 


RELATING vo roe rELATIVE ABUNDANCE or FISH. 
Round-Fish, 


‘GARLAND’S’ 


Flat-Fish., 
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TABLE B.—ANALYSIS orf THE 
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OMGIONO!] IHO AHONYD 


ye ee Pep ee 
Aaa aA HIS OCA HO 


SS ee ER 


ee eee ee a ee ee 
pO RP A C9 vel a CO ee ee a 
MANNA NN QOD 


IDIDOII9 OD ODO SSO 
AnH OnmIN a COM 


~ O19 O19 9199 O19 .419 


a ss Sy eee Ce ee eo ee 


rH 1 PCa ee eit SO-S iS ! 


SPP.  IOINSS SSO S1919 9 


ORs wr OS ee a 


sos NYS ra G16 rte 09 OO N COO rr 


" * 0000 D O19 OLN OD OD190 Cr 
ey ee 


SS See 


oqang, | - ae eo oe ae ae 


I, Moray Firth. 


‘srepunorg | Pou Ask die oR Sede al 


II. Firth of Clyde. 


| YSno0y qened LT | 


ogc. Baer 
Vom a Ae ea Se ae 
ri Oo aye mr 


ae lit tiosawn Wh 14 


PROMOS INAMNANMOIMIN OL 


—— 


DO E10 ANE A109 OOO 
Te ISS 99 69. OO OD Mim O 
AMNnRM AN 


_B° Sho RRRBASS 
AA GO Alco rt 


© 69 HA HANG GG 
ODL SASH 


Ea ae ES AY 
N60 63 09 


a — 


oD OD 6 CoOForooe 


C00! '4unoiunmaH 


19M | AMisoNSoso 


SOV BS) , Bey 
iGo tice ool =) 


r4OHOMMmMAOODOH 
SMOMNMMIONrORHwo 

maoesor 
CO OD OD CD 
HOoOoSO 


Tape! TS Ni) ge ra! | 


oD 
Beek Ce 


200 


eee ee eer 


DIM GM MONARO 
Ate 


6D 19 AO COIS SHH DS : 
rio) oo 


CO I~ C0 OO b= I~ © 09 CD D> 


MONON le oD OQma 
oF Soxk> 


BMONASSOC 


1S co mOgaDoDCD DCD 


S ee oe oe” = Ce 


of the Fishery Board for Scotland. 


TABLE C.—Recorp oF OBSERVATIONS MADE ON BoarRpD THE ‘GARLAND’ DURING 


A. FISH CAUGHT—I. Moray Firru, 


- SIZE IN INCHES, 


Kind of Fish. 


1897, 


29 


Total. 
4 5 |}. 6 Ti 6) 2 Wr UE PLa WS) fe | DS | 6) |) W7 7 TS) 1) 20) 21 | 28 | 26 
a i i i Os ol tet Oe so Rs a so a Ol 
Plaice, ‘ ria 2 i é 2 1 Li 3 2.) a a 3 ee ‘ $ ‘ e 13 
.Lemon soles, .| « ‘ Te ae et yy 1 | a 1 Mal Z é F é ‘ ‘ z 7 
Common. dabs, ° e 10 23 24 15 4 3 . . e oe . . ° . ° . . ° ° 80* 
MACRROS S eta tat et gle Pet DY 24g a hey BAe as a | ae Pf ab ods 14 
Long rough dabs,} . ® ates 3 a ‘ j 3 a F ; a a | : 3 : ‘ 6 16 
Haddocks, . oh Oe F q P a Oh Bo eee) Vhs ‘ a ‘ e e ° . “ Ff 9 
Gurnards, . a | 2) 318] 10) |, 2a eds mew lh eg - é : 3 - ° ! a ° 38 
Anglers, e e . . ° ° . . . ° . ° 1 . ° i ry . 2 
179 
Da a 
Thornback skate, | . ; 4g 5 3 Z : : : Bin. oR ok Pm. Nive ta | -s 1 
Anglers, . . . . . e e . . . . . 1 . 1 . e ° % e ~ 2 
Gurnards, . Py aces oe ae hee a ee tee bk me eee ee ge Pg 5 
Cod, . . ° e . . 7 a 1 . . . e . 1 e e e ° e . ° 4 
Brassie, . at ee | 3 1 : : 7 3 3 eb - ‘ ° 2 ° : ° Tat 
Plaice, ese tah ee ee) ed abe 6 Bp 6h boa Pe |S Lop 62 
Common.dabs, .j 1] . 6} 6] 4 22 a é é ‘ ie ee = ‘ ‘ é F : 20 
Witch soles, . Bia ta 2 eae tae eb et ee ade BE 2) edeecdmet 6 
Dragonets, . . 1 . 2 . ° . ° e e . e e ° e e . e ° e 3 
| a. 104 
Station 18 a 
) 1896. 
June 9. Plaice, . ° . ° . il °° . e ° o 1] _ ° ° L . e . . ° . 2 
2 hours. - Lemon soles. . . . . . il e e “ ° ° ° ° ° e ° ° ° ° 1 
Common.dabs, .| . é ETON ASih ea ti. 3 : P F P é ; é ° , : 23 
Witch soles, ; 3 2 4 ae ee Lis 31 38 a) to ai 3 $ é ‘ 13 
Longroughdabs,| . | .| 1/ 6| 5 Sree Me Pak be Pb a pee Poe bee oe 23 
Haddock, ° . . . . . ° ° ° 1 ° ° ° e . ° e e e ° e 1 
Cod, 7 . ° . . . . . . . : ° e 1 e . 1 ° 1 1 1 ° 10 
_Gurnards, . Stet | i 3 : 1) ee kes | = < a d f ; P é : ‘ ‘ 8 
- Anglers, . . . ° ° ° ° ° ° ° rs e . ° 1 ° ° ° ° e ° 2t 
88 
Thornback skate, ° ° . . 1 e ° e e e e ° e . ° e ° e 1 2 
Fuller’s ray, 5 4 é 4 A ‘ A ; . ° ; : ° . . 1 1 
Anglers, 4 . Sie a oe i ae a i ee ee dey eae ee eer Oe 9§ 
Gurnards, . . > 1 1 i) 1 1 a 1 e as 1 ° ° ° ° ° ° e ° 8 
j Cod, . . ° . e ° ° 2 2 . e e e ° e ° . ° ° e 4 
eee eee et Ca ee ee Pe ee hae be be baba la bebe 2 
Whitings, . - Pa > ee ea ee ai k pees ES LA LS Reet 2 
1 Ling, . o % . . e . . ° . . . . 1 ° ° ° e ° ° e GI 1 
-Turbot, sci = oe ° . . . e . e . e ° . 1 . . ° ° ° e ° 1 
Solenette,... 4 MD Wicd s a A F é é : : : c ; c ° . . . : 1 
| eee ae be he te hae re tor tte bie Ober hth sok yh 39 
( Lemon soles, . a bee 5 eS 8) ate Sh Tarek be eee codtaiae Po nee Pat fink fas Poet 3 
4 Common dabs, . |’ 5 | 27] 57/19/11] 7] 2 ie Peed Ge ose hast Tet Peete & Lae [oe — pp dae 
hes rough dabs,| . P| oe 10" | 16: 4 aes K 5 : 5 ‘ : 3 5 : Z 34 
: egies bid bef Ob 6) Ob aS | at e ef, SP, Bae fee he 50 
/ . Butter-fish 9 ‘ ° . 1 ° . . . i . ‘ z ° . ° . . ° . 3 \| 
3 Four - bearded - 
rockling, Se ° . . . ° . . 2 ° . ° e ° ° ° . ql 
289 
Pee Rokk el iil a hat bo PC 
Plaice, Bee Mh hoe SS 2) G6) Ot ah See eek 2h. att Blo | 2 dedoeaied 24 
Reale, +> Perak ét 9) 4) oh OP bah Bee be dee ba RG | odo dus 12 
Common dabs, ‘ = . 4 . ; 2 : 1 . 1 . . ° . ° . ° ° ° . . 8 
oes tha eee th ah eae oe eee ih elit Poo dos **16 
Gurnards, . ° ° . ° . . 3 . . . . 2 ° . . ° ° ° 5 
710 
* One 3g inches, = + One 26, two 30, one 37, one 39 inches. t One 46 inches. § One 28, one 30 inches. 


|| One 83 inches. “| 23 inches. ** One 28, one 29 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1897. 


Station, 
Date, and 
Time 
Trawl 
down. 


1897. 
Novy. 6. 
1 hour. 


Station 
IV 


1897. 
June 15. 
2 hours 

5 min. 


Nov. 11. 
2 hours 
10 min. 


Station V. 


1897. 
June 15. 
1 hour 
45 min. 


Nov. 11. 
1 hour 
40 min. 


Station 
VI. 
1897. 
June 15. 


1 hour 
45 min. 


Nov. 10. 
14 hours. 


Kind of Fish. 


Part I[I.—Stateenth Annual Report 


A. FISH CAUGHT—I. Moray Firra—continued. 


4 
re 


+ 


S1zE In INCHES. 


—————— ee eed 


Cod: 7. ‘ 
Gurnards, . 
Plaice, 


Common dabs, 


Thornback skate, 


‘Plaiee,) < 2 
-Common-dabs, . 


Gurnards, 


‘Catfish, - . - ; ; 


Plaice, : 
Common dabs, 


-Plaice, 
-Lemon soles, 
-Commondabs, . 


Turbot, 
Gurnards, . 


-Thornback skate, 


Anglers,. . 
Dragonets, . 


Gurnards,.- . 


Coda. 4 ar. 
Haddocks, . 
Whitings, . : 
Brill, . sis 
Plaice, : 
Lemon soles, 
Common dabs, . 
Long rough dabs, 


IPlgicer) jo joie i 
Lemon soles, - . 
Common dabs, . 
Gurnards, . 
Anglers, . 


Thornback skate, 
Anglers, : 
Dragonets, . - 
Gurnards, . A 
Cod, . ‘ 


‘| Haddocks, . : 


Whitings, . . 
Brill, . A : 
Plaice, 

Lemon soles, 
Common dabs, . 
Long rough dabs, 
Pogge, ¥. 


. 


Leet Ce a ra eC 


* poo’ 


LoL) 


Abo *.09 


* One 28 inches. 


te 


° Combo’ 


14 


A ro] 
Oe ae 


oh 6:8 (aes ° 


° seb’ 


he 


e° mM? bb 
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. 
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era) a | oe 
ee 
es fe Es 
Si eee 
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3/ 5] 8110 
1 ee 
1 1 e e 
Ene Ee or 
2) be 
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et tered 
9| 7] 8] 9 
e 1 e 
a Beal oa cs 
. 1 e 
Aeon @ eRe 
. At .J e 
a ae (ak a 
"a 
hs ee We ee 
7{.2 | 1} 27 
ea ie, 
64a loch: 
e 7 1 e e 


¢ One 36 inches. 
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* pt io” 


* om 


ae 


_ 


OL set ay i 


opt bD 


ae eo i Be ua Be 


1 e e 
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a ae 2 ee 
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e . 5 e 
aii Eee 
cE DP ties es 
Sb cae Roe de 
AD eape 
2/13} 3| 5| 


~ Two at 24 inches, 


jada Se 


Ce ee pee, OL 8 O16. 16. iC. oe 
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NO Oo SD CO HR OF bt 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘ GARLAND’ DURING 1897. 


A. FISH CAUGHT—I. Moray Firtra—continued. 


Station, 
Date, and 
- Time Kind of Fish. 
Trawl 
down. 
Station 
VII. 
1897. 
June 10. | Lemon soles, 
2 hours. | Common dabs, 
Witch soles, 
Long rough dabs, 
Haddocks, . 
Whitings, . 
Gurnards, . 
Anglers, 
Pogge, 
Nov. 10. | Cod, . : 
lhour | Haddocks, . 
47 min. | Whitings, . 
Brassie, 
Gurnards, . 
Plaice, 
Common dabs, 
Sail flukes, . 
Lemon soles, 
Long rough dabs, 
Station 
VI. 
1897. 
June 10. | Plaice, 
1 hour Lemon soles, 
54 min Common dabs, 
Long rough dabs, 
Haddocks, . : 
Gurnards, . 
Anglers, 
Catfish, 
Hake, . 
Nov. 9. | Cod, ‘ 
'2hours | Whitings, . 
5 min. | Haddocks, . 
Dragonets, . 
Anglers, 
Gurnards, . 
Plaice, 
Lemon soles, 
Witch soles, 
Common dabs, 
Long rough dabs, 
Station 
Ix. 
1897. \ 
June 10. | Starry ray, 
Lhour | Plaice, 
52 min. | Lemon soles, 


Common dubs, 
Witch soles, 
Long rough dabs, 
Haddocks, . : 
Gurnards, . 
Catfish, 
Anglers, 


* One 36 inches. 


@ lop |e | 
a Ne ee ee 
ie hk 8 
” | 42 | 33 | 42 
ot Si) ell og 
: 1 
. } 
| a as 
oe 
oy eS ee 
ich elt 
8 | 59 |286 [116 
SH Sin el). 
4|12| 12 
Mal Ties 
. |17 | 32 | 30 
re ea 
1 4103 
2 
aes | 
4 
4 | 99 |138 | 78 
1 | 10 | 14 


t One 34 inches. 


s|9/10] 1 
deere ee li gies seats 
TAR dih. 
Bie Pyilic bey" 
col et a ae 
wr ca wk 
a a ea 
Rane GA Ral 
2 | ise 
Pe el ees ae 
A Dae Aa ea ae 
SAS lies a ee 
5| 3 4 
4s 412, 
Dull ee Ge 
4/7]. 
Del ee ee aa 
a hee 
Cae eae : 
ie eet 
Sh Wed aah 
le Lt 
The thee 
Ovi: 
el ele 2h ie 
SURE a bee 
ir eieekle. 
FP elev > 4 
a ton Week hi 
20/18] 3 
1 : 
roe: 
1 
10 j 
, 4 
3 


t One 28 inches. 


Size 1n INcHEs. 


12 | 13 | 14 | 15 
Heh Se hae Ge 
pled 
= ay le 
Bie. 
Be 
iG ie, 
ele eM ee 
Be ih atl. 
Bieiiee 
sf eda 
1 
A Tae a ee 
3 
ee ae 
hile 
Abe Gt he AR 
ikte kt. 
oe 2b Low. 
1 911 
Al 4 
ed ae 
tek 4 
Ee a oe 


§$ 28 inches, 


16 | 17 | 18 

+) +) + 

A ae 

1 

2 : 
| 

1 

ed | 

Mae: 

#l. 

1 

1 


|| One 31 inches. 


Totul. 
25 


le) 


iN 
BRON ARR ee 


oo oo 
1 02 Cie © oo 8 


[ev 
Li) _ 
CoN SD 


66 


| One 28 inches, 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1897. 


Station, 
Date, and 
Time 
Trawl 
down. 


Kind of Fish. 


————— | 


1897. 
Noy. 9. | Starry rays, 
2 hours. | Anglers, 
Guinards, . 
Whitings, . 
Haddocks, . 
Cod, 


Lemon soles, 

Common dabs, . 
Long rough dabs, 
Witch soles, 


Station X. 
1897. 
June 10. | Thornback skate, 
Lhour | Plaice, : : 
52 min. | Lemon soles, 


Common dabs, 
Witch soles, 

Sail flukes, . . 
Long rough dabs, 
Haddocks, . 
Cod, . A 
Gurnards, . 


Catfish, 


Nov. 8. 
1 hour 
40 min. 


Gods. : 
Haddocks, . 
Whitings, . 
Hake, . 
Gurnards, . 
Lemon soles, 
Witch soles, 
Common dabs, 


Long rough dabs, 
Station 
XI. 
1897. 
June 11. | Plaice, 


Lemon soles. 
Common dabs, 
Haddocks, . 
Cod, A 
Gurnards, . 
Anglers, 


Nov. 22. 


Cod, 
2 hours. 


Gurnards, . 
Dragonets, . 
Plaice, : 
Common dabs, 

Lemon soles, , 


Station 
x1. 


1897. 
June 11. 
1 hour 
56 min, ‘ 


Starry ray, 
Sandy ray, 
Plaice, 

Lemon soles, 
Common dabs, . 
Long rough dabs, 
Haddocks, . : 
Gurnards, . 
Catfish, 


* 28 inches, 


—_—_—_|—_ | S$ | Ss | | | | |S | | | | ——_ | | | | | 


Part II[.—Sixteenth Annual Report 


A. FISH CAUGHT—I. Moray Frrru—continued. 


SIZE IN INCHEs. 


| | | | Total. | 
¥3>) V4 4005 16) 27 | 18) 19 | 20 ei ee 2Srieee | 
et el aia | oot ade 


+p 
+e 
+o 
+4 
+o 
+e 
+3 
= 
<) 


2 : a | : F aes 24 
2 : ' : 1 3 
i CB a Gel ot PEM 1 7 thee 35 | 
ack iS ae : 2 : 3] 
of Dee ; 1} 7%) 064 221 2 1 38. 
: ited Se: 1 i : 14 | 
5em MS ; OT eG he ; 3 f 17 | 
2/63 1119|}8ss}20] 1]. 293 | 
: Li 88) 29-4) 14a) 4 79 | 
; 1 1} 
| 485 | 
: P De : ce ; ’ : 1 
ee ee - . Te oa | oe ; : 4) 
. ee a ee ee a i es eee ae S ’ 8 | 
4 DF 12 Sale aay a9 z ! ’ : t 70 
‘ F as. 1 . ; 2 
, a he i ee 1 4] 
15|20| 2 : i : 6 oe 37 | 
oi Bo G8 19 | 24] 4 1 : y 64 | 
abe } ; E 1* 
cB ek i, ee 1 : : F 6 | 
: ‘ : It 
200. 
zee 4 Ste ta Re es 5 
Ae tale J ‘ : Say Bu iow : i 4 
; ‘ o17 4 : Vivieg 
: } Le : PHL. 
: By Bh iit Sl eae Sedu f 32. 
s MG See ae | 4|/ 8] 5/15 4| 6 ; 46 
5 Si) Sab 5 ; ia . 10 
3 | 32 | 49 | 10 lied 94 
211 | 
fa ie 1 j 
4 i 1 ya : 
Ll (100 |-3 al z Ei: 20 
: 4 : a oa ieee 
! 1 : aS et 
1 9 5 24 ¥ 3 17 


| 


a ’ 1 1 1 |,. Lee 1 
SE GT 6 Gel Fic in eer ; me ey 3 
. ‘ : LS ae oh Bos a ; ‘ : 
~ - ‘ 5 : 7 2 1 1 3 : 
11 | 78 | 47 | 25 | 16 3 2 . ' : 18 
| 285 
5 1 - - F 5 . 
. i - 1 3 ‘ . » . 
5 4 3 2 4 2 3 3 Pie’ $ : 
. 4] 1 1 ; ee: ° ‘. 
5 Wh tae. 6, aha, 2 ; : ; : ‘ 
° F 1 ] 1 1 L 2 e ° ° 
; ; pe ' 1 5 ‘ . 
+ 34 inches. ¢ 37 inches. § 28 inches. || One over 40 inches, 
“{ Two{at 30, one at 39 inches. ** 41 inches. 
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TABLE C:—Recorp oF OBSERVATIONS MADE ON Boarp THE ‘GARLAND’ DURING 1897, 


A. FISH CAUGHT—I. Moray Firru—continued. 


Station, SIZE In INCHES. 
Date, and 
‘lime Kind of Fish. Total 
Trawl 4 5 6 7 8 Oot OP teie  a2s) WS) B45) Lor) Wem We. TS | 19 -| 20" || Qh | Baas 
down. ee eae A ae ee eee ee te a fee ae eae ae HB Eo Pe eee 
1897. 

Noy. 22. | Thornback skate, | . } : ; : ‘ ; a , ZA ate - f ‘ . F 2 

2 hours. | Cod, . - 5 te ‘ : . ; ; . Beit HDA : - : : , 2 : 4 

Haddocks, . Pe ee 5 > - : ; : i : - : 1 1 

Whitings, . Ps ake , : : . i ae ee : c Ps , : ; - é 3 i 2 2 

Gurnards, . nee ; ANE HOG He Nagel de] EL : ; oh i Ae , é : : ; e 35 

Plaice, : ‘ : ; : ; A - * - 2 : 2 Bet (ba a las ; ; ; 4 

Lemon soles, ee A : j : : x 3 : ; l ; iH 

Common dabs, . | 24 | 81 | 53 | 23} 9] 4] 2 : 196 

245 

Station. os 

XII. 
1897. 

June 11. | Plaice, : see : ede is é : ; : 4 - j Beis : ; . 1 1 1 4 
lhour | Lemon soles, : é 5 By |i Je Ly: he See Ee here : : F 7 
25 min. | Commondabs, .| . GO 46 | ao a = AN 

Long rough dabs,| . - 4 ; Ue 3 : é : : ; P 1 
Haddocks, , Fan ; ; ? : : - ; : Lh ts ry ot te : ; : : L 4 

aon 1 Cod, . é a ie ‘ : 2 ; ‘ : P : ye 3 : : F : ; ess 3 
Gurnards, Bey F Qa) 2 : : yor : : : : ; : : : 5 
Anglers, . 1 5a 2 

43 

Nov. 28. | Fuller’sray, .| . 3 4 ; 3 : : ; ha) 3 2 : : : ; 3 r i ; i L 

2 hours. | Thornback skate, | . : ‘ P ‘ : 3 $ : : : 5 P ‘ E : : 4 ° : I 
Cod, . Z ells ; : del eS e Del delet Zeb eae |} Td , 14 
Haddocks, . Sule F 1ST Se 3 : : ; Bhs 2h et 2s bh ois | ds L}.. ; : Ly S| ees 
Gadus minutus,.| 2} . : ‘ ? : ‘ F : : é ; ; : : P j E : 2 
Gurnards, . ee kas ; : Bo eeeee | hee |) Pe) 9 « 3 3 : : é - B i : : : 12 
Anglers, . Ba ; j : 5 ; ; ; j i eee ‘ : : : : : : J p ly 
Brill, . F Al | Ae : 2 ; 2 ; F y = Q Z F P : 1 ead é F , ; 1 
Plaice, . al eae ‘ : ‘ F : : . ‘ P ; : 4]. 7 eh ae P i ie 4 ri 
Lemon soles, ; Z é 4/ 8 2 1 5 2 3 1 : 16 
Common dabs, . 2 ip Bt20 | 17 Bie ie] ae 1 65 

129 

Station a) 

XIV. ' 
1897. 

June 11, | Plaice, : anes : ‘ $ PF g , F ; : P 1 2 1 4 
Lhour | Lemonsoles, .]| . : ul 1 2 | Fee [4s 1 1 iE eee 1 12 
65 min. | Common dabs, ./ 3/20/21) 9] 2] . . 55 

Long rough dabs,| . : SOND. faba. hE Wd ye e F : F F 3 F 3 F ; F 28 
Haddocks, . oui ¢ ‘ ‘ : P ; F ae a ae Se Ue : i : , ‘ 7 é 3 18 
I a SO Bag SSS Se a ee On ee ee ee ee ee eee See ee eee an ee 1 
Gurnards, . een i E 1 1 6 Gar 4 alee : : : : : ; ; 4 3 : 17 
eee ee se Ws tater aie Wise ie at heck py tafe He fa pea Pk be Ce P tub ae des 2 

137 


Nov. 18. | Grey ray, ic E ; - d : 5 . : : : : : Jigs 

2hours, | Cod, . ; cailen , é : J 5 ‘ 1 ae : p 1 3 
Haddocks, . i P : 1 
Whitings, . : ‘ : yah oe 1 5 
Gurnards, . : : Ta pase sat We Sa Uh a i a Leal 5 z : : 4 4 38 
Plaice, F rua ie : 3 : ‘ F y 7 ; ; 3 - 3 ; F i * 1 1 
Lemon soles, 1 s 1 1 3 
Long rough dabs, ; 1 2 ee 4 
Common dabs, .| 1 | 26|24| 7] 41] 1 63 

Station 

XV. me 
1897. 

June 11, | Starry ray, . A = - F ; 5 : F ee F : : : : ; : : 7 1 
lhour | Plaice, ; othe : ‘ P : , : : P ; é 1 : 5 a 3 = 3 ‘ . 1 
55 min. | Lemon soles, .| . : : Dh Qa aie 2 vs , 1 ae : ‘ ‘ é ‘ : ; ‘ 9 

Common dabs, .| . | 16 | 47 | 338 | 20] . : : é F i ; ; ; : 3 F i F : 116 
Long rough dabs, | . : 4 § } 19 1 ; A ‘ : ‘ : é : ; ‘ : F : ; 32 
Haddocks, . «the C P : 4 6 | 10.698.) al} 20 . te te ‘ : 3 5 Z : ‘ 90 
Whitings, . P ; - ‘ ; 5 . 1 1 , ‘ ‘ F ' « 4 k : : 2 
Gurnards, . Who : SRS | UL) TL te : : ‘ ; c - : ‘ : ‘ ; : 57 

Catfish, . : Bee ’ ‘ ; ‘ ; ‘ i : é ‘ ; eles ‘ ‘ : ‘ é : 1$ 
809 

| =e a 


_— a ee ee ee 


* 25 inches, + 33 inches, t 30 inches. § 38 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT—I. Moray Firrvua—continued. 


————————————— ee 


Station, | S1zE In INCHES. | 
Date, and | ae ’ 
Time Kind of Fish. ) . ) Total. iF 1 
Trawl 4] 5 | 6| 7} 8] 9] 10] 11] 12 | 18 | 14} 15} 16 | 17 | 18 | 19 | 20 | 21 | 23 | 26 in 
down. Se ec ae ae oe ee ee ee me ee ee | r 
1897. | | I 
Nov. 25. | Grey skate, . ‘ : | t 1 ' 
2 hours. | Thornback skate, . 1 : ve 2 by 
, Cod, . : : ‘ 1 a 2 ‘ ) yp 
Haddocks, . 1 ; . i 1 | : 3 } 
Whitings, 3 , oe : Zag : : é F > . : : J . ‘ : 2 
Gurnards, . AL) La Mall Be - : : : : : J : , : : : E : , 5 
Anglers, ; | 3| 2 1 ; . ‘ 6 
Plaice, Tee - A ; : 5 ; : : - ; Su “Gale, 3 So 8 { a ‘ A at 
Sail flukes,. E i. - : : . ; : . ; : r > : . 1 F A J 1 
Lemon soles, . - |) Tesla ; . A “ : = : 4 
Long rough dabs,| . , if + 3 1 : 1b 
Common dabs, . | 13 | 95 | 49 | 23 | 3 | 2 f 185. 
287 
Station 
xXVL 
1897. 
June 11, | Grey skate, wikee 2 “ : : 5 ‘ i : ‘ : : - 5 ; : é é _ 
lhour | Thornback skate,| 1) . : ‘ : ¢ i ° : - & lies S - = ‘ : F aime | 
45 min. | Starry rays, “ ; De is : 2c) & - é : . , : : k | I 
Plaice, > Ete A : é A : ; ‘ : : : A | alot eS : ‘ | 
Lemon soles, - ; A ca in a Ue 1 ashe Lo Socal, Be : ; : : 13 If 
Common dabs, .| . 4| 9] 14 : : : 27 
Long rough dabs, A a : . : : ll 
Gurnards, . 2 1 1 1 4 : 
Anglers, . ol te | Piel : Lili ies ‘ ul 
. Dragonets, . 4: s : 1 : 3 4 ; 
| ; : 
| a | 
| | Mt 
i 
II. FirtaH or Ciype. 
Station I. | | 
1897, 
Apr. 5. | Thornback skate, | . 2 : - 1 Date S24) Fal ‘ Ul 4 5 
1} hours. | Plaice, ALS A 4 3 ; He) Pa 1 - 3 - 14 
Lemon soles, .| . : ; : 3 . 4 1 5 } 
Common dabs, . ul 2 5 Meath x , ; 5 4 : 
Flounders, . : : ' : 5 3h) Le el | Dal ets ay | / H 
Long rough dabs, e 27) S80) Bae ‘ : - | Hn 
Haddocks, . 0 LAS 4] fe de Serge a ea i 
| Cod, . le © x 3 ‘ | A F 
Com. Gurnards, cal te i Mie 6 


14 hours. | Plaice, F 4 A . ; 1 
Lemon soles, .| . ; 1 
Common dabs, atl Bs 2 
Witch soles, 3 ‘i A 
Long rough dabs,| . 2 8 
Haddocks, . : 4 
Cod, . : . 

Whitings, . vil. es . 7 
Gurnards, . 8 5 ; 3 
Red Gurnards, . 

Brassie, A 
Anglers, : ; 
Dory, . ; TH) bs . x 5 . : 
Lesser spotted | 


=) ae 
_—— 
. 


Ce Oe 
on @ 6.6 
. 


- 
S10) a. a4". 
pert are 

° 
aye Me) see 


wea 6S Ge ie, Galen.” 
a Sy Oe 

. 

. 


SG 


1 | | . ° 

2 iW) . . . . . . . * . . . . . . 
Red Gurnards, .j| . 5 11 i oF 4 ; : . ; A 5 : . 4 ‘ 4 
Brassie, . Se) ; : CW's oe i Fe : 4 : , - 5 “ . ° 2 - - 
Dory, . s A Ra Be : : 4 ' 4 ; ‘ : : 4 A “ A ‘. ‘ : : : 
| Dragonet, . SD - 4 ; “ | Bs : : . ; : . A : ; : a . 7 

| 

May 25. | Thornback skate, | . 21 os) toan ea Al ie at 2 del deans ci 
dog-fish, . AL. We r : 


* 48 inches. + 26, 28, and 30 inches. t 27 and 28 inches. 
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A. FISH CAUGHT—II. Firru or CirypEe—continued. 


| Station, SIZE IN INCHEs. 
| Date, and 
Time Kind of Fish. Total. 
Trawl 4/5|6 171819 | 10) 11 | 12] 18 | 14| 15 | 16| 17 | 18 | 19 | 20 | 21 | 28 | 25 
een. +i +] +] +] +] +} +) 4+} 4+} 4+] 4+) 4+] 4+] 4+] 4+) 4+} 4+) 4) 4] 4 
1897. 
Sept. 14. | Spotted dog-fish, F ‘ ‘ é : Cs 3 ‘ x ; i , § : ¥ P : : ; 1* 
| 1¢ hours, | Hake,. - 5 : F ; - - : : ; 1 x ° sit Be : : 2 3 
Haddocks, F : : : ‘ , . 3 ; 1 Se ‘ ; ; 4 : é . : F 1 
Gur nards, ‘ , : 5 : 1 Da 2 : : : : be ; . - ‘ . 2 
Gadus mpegs, : ; ‘ : ¢ P : ; i : : : 3 A , = ; 2t 
Plaice, ; ; 5 : : : : - 1 Bar: 1 4 
Common dabs, . | . Sy Galy Tes 2: 2 : : ; 19 
Lemon soles, .| . : 5 Pe tel a 2 LOE ie 4k P28 te : : F , 81 
Black soles, = Aa ; “ c : i : E Dl : ; ° iP : 3 
Anglers, . Fae ‘ : : , A ‘ : : : ; ‘ : 2t 
Cuckoo skate, .| . 4 : . 1 aie ce 1s : i , 1 4 
Skate, ; : . . F A F 4 P 5 ‘ , Deh: 1 
Thornback skate, : . 1 1 Sal) ia 7h Nee: So 1 ‘ 15 
88 
Station II 
1897. 

Apr. 3. | Thornback skate, | . A : 6 5 : alt Ee ‘ : 1 
14 hours. | Plaice, : . = C : : : ; : 2 1 3 
Lemon soles, : : Ele. : 2 

Common dabs, dal te Ae rile see Aci) Deal 5 16 
Flounders, . = , : : d : : i 1 
Long rough dabs, a 1 1 2 
Gurnards, . cei s 1 1 
26 
@} May 19. | Thornback skate, | 1 < c 1 2 
} 12 hours | Plaice, : eihs-s : 1 2 iE + 
Lemon soles, s ies Al lioee a 1 8 
Common dabs, .| . 4 | Taso |. De ‘ 5 é ; c i 7 : A , ? : = 24 
Witch soles, P| ee : A ‘ : ‘ : F 5 see i a Fe A : : ‘ ‘ ; ; : 2 
Longrough dabs, | . 2 BY 4 3 Pei - ‘ 3 - 5 é é p . z : é 15 
Black soles, 5 ae : : : 5 : é : 1 : 1 
Haddocks, . oe ae - 5 : : - es F . F A Poa ‘ ‘ 3 
Cod, .. eee ren. Mee lee Wrath I a. be hha Ld 1 
Gurnards, . 1 Ply 5 . fs F F 2 é ‘ c Z : 5 
Dragonets, . 1 1 
66 
igs 
Sept. 14. | Plaice, eae s : 5 f iyi a 4 1 12 i ih yal 1 14 
meets.) Lemon soles, .}| .{. |) 2) £i| 4) 6) 3] 2]. f ; 18 |' 
Common dabs, . | . | 11/12/80} 7] 1] 4 A 65 
PE TO i Se ea ee ee ee Ge ee 6 
Black soles, .] . nd ee : : : a ae : , : ; : 1 2 
Whitings, . Fes 2 F : : : ‘ d : 1 : : ; 1 
Hake, . : ‘ 3 : ; ; Pee an Sh Bus 9§ 
Gurnards, . Tea 45 405 Te ail ee F iil 1 14 
Gadus minutus, 2 7 p ; - 3 : ‘ < 3 : 3 é : : : ‘ 4|| 
Anglers, —_. ae lines : = 3 5 - : é : : : - 5 C A : F 1 1 
134 
cones | 
Station 
1897. 
Apr. 2. | Grey skate, rai : F . : 3 F 3 : ‘ < 5 : , é = : : : q1 
'®) 14 hours. | Thornback skate,| . : F : : : : f : : : ; : ; Aedes é F 1 ¥*Z 
Lemon soles, Pi Ae aa ei. Pg en ide ds een) ed eee ee 9 
Witch soles, 6 ; 5 : 7 : A Om) (SENS 8 - 48 
Long poe bla ; WOO S Ships 7 il : P e : 17 
Cod, . 3 £ 3 . ; : - Rh ee : ‘ 1 1 
Gurnards, . Spates 2 3 ele iy 3 F ? é 2 
Hake, ee 25) see ee ee eee eee: lan he ‘ 1 12 
Conger, . Ae ee i oe le, os fel Pee ee ce tee Pte. Ph eke CRUE ttl 
| Anglers, . oh 5 : 3 3 P - z : - : ; “ F - : 1 t{2 
Zeugopterus ; 
punctatus, Pe aes) ic), FL) ee ee ee ee een bare ae 1 
| 97 


* 28 inches. ¢ Under 2 inches. ¢ 26 and 28 inches. § One 26 inches. || Three under 2 inches, one under 3 inches, 
| 28 inches. ** Under 4 inches broad. tt 42 inches. t{ One at 27 inches. 
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TABLE C.—Recorp or OBSERVATIONS MADE ON Boarp THE ‘GARLAND’ DURING 1897. 


| Station, 
| Dute, and 


| 
| Trawl 


14 hours. 


Sept. 13. 
55. minutes 


Station 
IV. 
1897. 
April 2. 
4 hour. 


May 19. 
4 hour. 


Sept. 13. 
40 minutes 


1897, 


April 25. 
ly, hours. 


eee 


Part III.—Siatcenth Annual Report 


A. FISH CAUGHT—II. Firtx or CLypE—continued. 


Thornback skate, 
Lemon soles, 
Common dabs, . 
Witch soles, 2 
Long rough si 4 
Ooa, .« A 
Whitings, 


Picked dog- fish, . 


Plaice, 

Lemon soles, 
Long rough dabs, 
Common dabs, . 
Witch soles, 
Hake, . 
Gurnards, . 
Cod, 


Thornback skate, 
Lemon soles, 
Witch soles, 
Long rough dabs, 
Haddocks, . : 
Hake, . 

Conger, 


Lemon soles 

Witch soles, 

Long rough dabs, 
Gurnards, : 
Anglers, . A J 
Hake, . : alee 


Long rough dabs, 
Common dabs, 
Witch soies, 
Hake, 

Gurnards, 

Cod, . 2 
Haddocks, . 
Brassie, 

Skate, 


Thornback skate, 
Shagreen ray 

( Raia Fullonica), 
Plaice, 

Lemon soles, 
Common dabs, 
Witch soles, 

Long rough dabs, 
Haddocks, . 

Com. Gurnards, . 


Brassie, . - 1 


Hake, 
Anglers, 


, . 


* One at 26 inches. 


6171/8 
ar pe 
113 
7 eae 
51121 9 
4 ae 
eo) lng 
1 eee 
é 1 
ee We 
wae 

St et ee 
ees te 
oy hh ee 
ea aa 
hac eee 
3/ 4 

1 

ow Ai ee 
gi oe? 
a i 


pea” 


"oe 


Pe 


no 


* tt * 


t One at 28 inches. 


Size in INcHES. 


11 | 12113 | 14 
+] +] +) + 
1 ; 
11 | 12 | 24 | 19 
alt. Ee 
cod Pan 
A we te cr 
al el 
4/10/23] 4 
po) BON) 4.1 Be 
14 &. 
Bhi he 
oe. ee te 
Titel hack 
J | 3 
F ae - 
pipe) enti 
DA hol Ae be 
rl Tey 1 
1 es) eae ae 
a ee ee 
8) ie) Ce 
eh a 
rs ae eh: 
a) hae et oe 
1 ty 
od i as 


15 | 16 
+,| + 
3 | 12 
1 
ae) 
a ia 
2 
1 
1 


t 56 inches. 


lt 


& -@0,."6. 2 


es 8 88 


Va aed t 


ma 


18 | 19 
rial FE 
1 

1 
1 
td es 


§ One under 4 inches. 


* 22 2-5 


— 


| Yh th lin kt ara Nae a ali) 


—_ 
It BO CRA AUT HH ID BO 


| z| 
© 


_ 


BRR DOME OR 


— 
© 
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TABLE C.—Recorp or OBSERVATIONS MADE ON Boarp tHe ‘ GARLAND’ DURING 1897. 


A. FISH CAUGHT—II. Firru or Cirypr—continued. 


Station, 
Date and 
Time 
Trawl 
down. 


1897. 
May 20. 
+4 hour. 


Station 
VI 


1897. 
April 5. 
2 hours. 


May 25. 
1}4 hours. 


0 ash ee ee ee eee eee ee ee eee eee ee 


§ One 28, one 29, two 32, one 35 inches. 
tt Two under 4 inches. 


* 21 inches. 
3 inches. 


Kind of Fish. 


Plaice, ‘ 
Lemon soles, 
Witch soles, 
Long rough dabs, 
Haddocks, . 
Gurnards, . 
Anglers, 
Hake, . 
Ctenolabrus 
rupestris, 


Anglers, . : 
Thornback skate. 
Cuckoo rays, 
Hake, 
Saithe, 
Gurnards, . 
Lemon soles, 
Common dabs, 
Liparis 
montagui, 
Haddocks; . 


Thornback skate. 
Plaice, : 
Lemon soles, 
Common dabs, 
Long rough dabs, 
Haddocks, . - 
Cod;) i 
Whitings, . 
Saithe, < 
Lythe, z : 
Com. gurnaids, . 
Red gurnards, 
Ling, . 

Brassies, 


Grey skate, : 
Thornback skate, 
Sandy ray, 
Raia maculata, 
Lemon soles, 
Common dabs, 
Long rough dabs, 
Black soles, 
Haddocks, . 
Cod; .. ‘ 
Whitings, . 
Gurnards, . 
Red gurnards, 
Anglers, 
Hake, . 
Conger, 
Dragonet, . é 
Lesser _ spotted 
dog-fish. 


4/5ile6l7 
ae Bs 3) Se ok 
ee 
od 9 
2 5 
: 1 
1 
i 1 
3/13 | 4 
; 1 
2|17 
Eace 
aoe Hs 1 
ON ifs || ae 
2| 4/18 | 10 
ee hap 
el he, a 
emis ie % 
1 4 


t~ One 30 inches. 
** One 29 inches. 


|] One 28, one 29 inches. 


t 13 inches. 


* pt RoR? * 


a ed 


wor: 


9 | 10 

+/+ 
2) 2| 
hed 
re ie 


SOROS oa Osc 
_ 


ae 
ng | a 
wil. 
| ae 
coal ac 
31 | 24 
2 
woken 
Al ic3 
ne. 
A 
3/1 
gabe dl 
1 


SIZE IN INCHES. 


‘ie 
12113] 14 | 15 
eH abe fe aff 
ahr, 
ally 
Ml gel 
1 9/9 
4 | 14 
Wal Wa 
sah gah) Med 
BS ees, 
Soko. 1 
DI Bale 2a ys 
Pie 2 
, : 
Ol ON eee 
Bes |S 
Sat eae 
gy : 
7 baa : 
: wh 2 


| 


ti One 29 inches. 


16 | 17 | 18 | 19 
Hae. ater) 
: 1 
. . | 
1 1 
: 4 
, : 
1 

3 
Elhos ’ 
1 
1 : 
: 2 


§§ One 33 inches, 


20 


|| 43 inches. 


me Oot De DL 


| ‘| Total. 


| = 
* 


bt 
No) 


_ 


mmo ~Tto Aro 


a) 
| 
i—) 


. 
_s 
ket bh Oo NO 


Meatless hp Sores Se aks 
—M++ 

Snr 
Orn RAO 


SS 
| a 
| 
w 


| Two under 


U|| One 36 inches, 
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TABLE C.—Recorp or OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 


Station, 
Date, and 
Time 
Trawl 
down. 


10.55 a.m. 


) Station 
VII. 


1897. 
*Apl. 26-27 
13 hours. 


April 27. 
1} hours. 


May 17. 
1} hours. 


A. FISH CAUGHT—II. Firtu or CiypE—continued. 


Kind of Fish. 


Anglers, . ; 
Thornback skate, 
Cuckoo ray, i 
Spotted dog-fish, 
Haddocks, . : 
Hake, . : 
Gurnards 

Black soles, 
Plaice, , 
Common dabs, 


Thornback skate, 
Lemon soles, 
Common dabs, . 
Witch soles, 
Long rough dabs, 
Black soles, 
Haddocks, . 
Whitings, . 
Gurnards, . 
Anglers, 

Hake, . 

Brsssies, 


Thornback skate, 
Plaice, 5 
Lemon soles, 
Common dabs, 
Witch soles, : 
Long rough dabs, 
Black soles, 
Haddocks, . 
Whitings, . 
Gurnards, . 
Anglers, 

Hake, 


Thornback skate, 
Lemon soles, 
Common dabs, 
Witch soles, 
Long rough dabs, 
Black soles, 
Brill, . : 
Haddocks, . 
Whitings, . 
Gurnards, . 


SS 
— 


* ent 


* Gah jed'* * 


eo? 


— 


a oie 


. = . 
wwe 


. Ea 


a) 


<* ope 


—" < * 


> Boke Sj 


° Go mt oo* 


_ oe ee 


Broce’ * 


Size IN INCHES. 


eo 
a eas 
_ 
iM) 


cs 
axe 
— 


mt 


a 
— 


oO a? 
. 


Dy Ca 


aS a= 


oe 


. 
oe 


* Hauls made at night. 


} 28 inches. t One 51 inches. 
{ Two under 3 inches. 


§ Three under 4 inches. \ Three under 4 inches. 


** One 38 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE’ ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT—IIL. Firru or CirypE—continued. 


| Station, | Size IN INCHES. | 
| Date. and | ; 
| Time jt at a a ad cs | a cm ar ce RY CST EL (ar Wah 
Trawl fe belie In Ge te Oe uel (2 Oe ae (ot 1.02) 23) | 14 | 15) 26 | 17] 18:| 19 | 20°) Se [sae oe 
down, oi ued Coal ce | 1 Oct aah i) Gia a ae nae nea uid Pal aa al Weal il J. 
a net Se ere eee ee a a ee 
| 1897, | 
*May 21. | Thornback skate, | . | 2/ 1 | 1 Be 2 . 8} 
1% hours. | Lemon soles, my Se a ee red . 5 
Common dabs, . | . 7 Ui a eA Daa . _ he . 10 
Witch soles, , , 4 8 | 16 | 10 | 10 7 7 2 A 62 
Long rough dabs, | . 1 : ‘ , | 1 
Black soles, rea | "pur | 1 nie} . 1 
Ree ie eta) ete. | ell Pe ha 2 
Haddocks, . tee ‘ : p sea Let wey 1 ul ; - 36 
Whitings, . : a lee ; - Aalis anes 1 1 S| . - - 9 
Gurnards, . cof ee th te . 4] 6 lies 3 De | ) ; : 15 
Anglers, maha Pale : : : Asie ‘ : ‘ . ae ari i Sy ae" 4 
Hake, « . - . . | ° ° ° e 1 2 Fy ° F a 9 fs hi ° e e e 1 4 
Dragonet, . P ‘ 2 pails 1 - : ; P . é s ‘3 F é - ‘ p oe 1 
| | | | | 
| . 158 
: : | me 
Sept. 29. | Anglers, . aati 3 ae | el ie F ‘ : : 3 3 
11.50 a.m.| Cuckoo rays, ./| . : Baath te 5 ; 1 | ie sie |e Fee) ae et = . 1 
to Thornback skate, 1 ‘ 1 iy Pe La ie l ] wie ie 3 7 8 | 
1.43 p.m. | Spotted dog-fish, .. Meibltek ed lianes ete 3 ‘ | ; : A ; , 1}! 
Gurnards, . 503) SER OH an Sa). oil, soul 4 1 : 28 
Ling, . : wut , Fy Pee 1 | 1 
Hake, . | (ee 3 7 4 10 
Brassies, +) | Se PO il eae es A en ; ; : : Ate les : b>) | 48 
Whitings, . eA oteny iee sy thas i tlie ee See er Mec De Veale Bhs 20 9H : 4 
Haddocks, . : : s ‘ edie; 2 1 aie’ s 5 : 5 : Salt : 3 
Black soles, alk: : : : ‘ ‘ 1 : re Ae % Be ies F - , | 1 
Lemon soles, .{ .'.! . : Te thew le nae « ; ‘ mine : eth Fem | 2 
Commondabs, .| . | 24/18]. ].]|. : e : See ely yee Bl 42 
147 
| | H | | =e 
*Sept. 29. | Hake, ee ee Ae cee hela petri ee Cw ibe Me at) cal 2 
7.10 p.m. | Whitings, . siion tie at ced: here af, eat ky ami aces ile. ee fh Ta th | 1 
to Brassies, . Braet ree eer mae Dae meee JOR AP ire tie Seba Fae hye | L. 
9.5 p.m. | Witch soles, “ 5 iy 2 | 7 
Long rough dabs,| . | 1 vas | | 1 
Thornback skate, | . | 1 | 1 
| / 
13 | 
| { ers 
Station / 
VIII. foul 
| 
1897. | | 
*April 26. | Plaice, : sales , ; A 3 é s : Pa lea : 1 te a 1 
13 hours.| Common dabs, .| . : eo ac RA P ‘ : é : ; Ft € ; + 
Witch soles, 3 4/10 8 8 | 19 1 ee 7 it 56 
Long rough dabs, | . : : | i 21 at ae ; : | a 
Black soles, Be be : , ‘ . : ‘ : | es Ns ‘ é : : : ; : x : 1 
Haddocks, . Dip P : , a ee aie ee Se ee ee : alates yb xs : thas 1 4 
Cod, . te TANS I RS 1 ny ORR a Pom SE Kren (Oe A Vc ONE Pe 1 
Whitings, . : ‘ 3 P 6598 | CON | 330) |e ; : Le: ‘ 1 . : 20 
Gurnards, . BP OR PSUR cea OS a 1D PRY iy | | A ea aa (a 1 1 
Anglers, . aS o r : - - ° - 5 - ans uals Bl) Lee ai fhe 2§ 
gy be I 1 a a a | As ck (geen eee | u 
Brassies, . : 4 F 1 |e. ess : aL x 3 ; : fe lees | 3 
| | 
| 109 
! | wee 
April 27. | Thornback skate, | : reer Bole | 1 
ei naurs, | hate maculata, | . |. |. |.) . |e deed. lo. | seal ar ghy ihre 9h Cake tle i 
Lemon soles, . - F . 4 P : : Fae Viel | Bl ve Soa taeesea laa - 1 
Common dabs, .| 1. . Be eae be isc wl cuall Bea re fri 18} : . ant s,ilers : 10 
Witch soles, ; . : : 1 9} 20) 8 | 23 | 23 7 | 15 | Nuits Tale a - 5 108 
Sail flukes, cheb | ah Ee See ie cadtesattas : se re : «alee 1 
Longroughdabs,| . |. | : Par PAN Ve r ‘ Blea Sh eat oa Pas 4 
Haddocks, . oa om 6 P ¢ : . eh a sb alin ee (a 1 ee | 1 3 
Whitings, . «dt Sele ih q : 3/ 3) 2) 1 es atl 9 
Gurnards, . «Jeans f ; 2) ee Oe ot eo 0) = 1 : 3 44 
Anglers, . . betes F i eS es west | ae hall , | ‘s ° P : 2\l 
Hake, ; o! | etal epee 5 esh ce f een LO! 8 AT : SP Rika OH ae é 1 | [31 
Drammies, . | wee | lik Sane roe omic a | cal fe. dky a ie saat ly alee: Bee 2 
eet tl la) | oe 
| i ! i alias 
* Hauls made at night. + One under4inches. ~~ t 28 inches. § One 36 inches. || One 29 inches. 


{| One 30 and one 48 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoaRD THE ‘GARLAND’ DURING 


Station, 

Date, and 
Time 
Trawl 
down. 


1897. 
May 17. 
#4 hours. 


*May 20. 
}§ hours. 


Sept. 29. 
7.50 a.m. 


to 
9.40 a.m. 


*Sept. 29. 
10.30 p.m. 


to 
12.20 p.m. 


* Hauls made at night. 


Part ITI,—Sixteenth Annual Report 


A. FISH CAUGHT—II. Firru or CirypDE—continued. 


Kind of Fish. 


Thornback skate, 
Plaice, a 
Common dabs, . 
Witch soles , 

Sail flukes. . 

Long rough ‘dabs, 
Black soles. 


Thornback skate, 
Witch soles, 

Sail fiukes, . é 
Long rough dabs, 
Whitings, . é 
Red gurnards, 
Anglers, 


Saithe, 
Hake, . 
Whitings, 
Haddocks, . 
Argentines, 
Gurnards, . 
Witch soles, 


ped © ei? 8 


Thornback skate, 
Hake,. 

Conger, 
Whitings, 
Brassies, 
Poor-cod, 
Sea-bream, . 

Sail fiukes, . 
Witch soles, * 
Long rough dabs, 


Thornback skate, 
Plaice, : é 
Lemon soles, 
Common dabs, 
Witch soles, : 
Long rough dabs, 
Whitings, . " 
Com. gurnards,. | . 
Red gurnards, . & 


Hake, . E : 
Picked dog-fish, 


Hake 

Anglers, . s 

Thornback skate, : 

Picked dog-fish,. | . 
: 


+ One 


** One 


5 6 718 
+ititict+ 
Hl wl he 
~ ‘| 22 
2 2|° 


° ph hn jt ® * * 


| 4 {ai 
ae bs 
& 
4 | 
ee ge : 
We PS 
es | 
219) ea 
1] i| 3 7 
| | 
; 
: : a 
aoe 


a es ee? Oe 
ited 44', 
Ma EE eo ee 
. | a1 3/12 
. * 1 : . 
co Ala be 


ae: inches. 


ee ee 


* me" © #8 6 


Size nv INCHES. 


| 32 | 51 | 25 
eee ee) 


Op nt ee 


: Whe 4 ee 
9s'{ 34.1.20.1 23:15 
x Le) 
RY ae: a Oa 
ou *>. F, (a! om 
ae 

te a 

a es 

| 

) 

: 

my Be, fh: i 
31 31. ae 
21 2) 22 on 
2|/ 2/3] /| 9 
. (ee) aes 
: 

t 

eo. 8 *2 22 Le (8 
tl 3) at wile 
4 21 a ee 
23/19 | 38 | 15 


t¢ One under 4 inches. 
30, one 40 inches. 


tt Over 40 inches. 


ae 


ae 8 8 8 


a 


a a At gate’ 
a. ey SNS. 
ES Rae eR 
| ee fa eed Pe eae, eee ese. 8 
e -» 6 @ @ Tee) i ok ee fae . * 
I Rt teteiee i I Bi eis 
| OR TR Gh af 6 8: ‘kh. ‘Garten ver & 8 8 eo. te 


§ 350 inches. | One 40 inches. 
tt One under 4 inches. 


p_ 


Pl te Ot ee ee 


see +¥ 


1897. 


a ie 


. i . 
1|- 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT—II. Firtrn or Crype—continied., 


Station. Size 1N INCHES. 
Date, and 
Time Kind of Fish a | ] Total. 
Trawl £190 ees e808) M1) aa) is | 14) 15 | 96] 17)| 18.| v9 | 20 | 21 | 23 | 25 
cown, +)tp+{[+ [+] +} +) +p +t e+] + ey t+i +] +] +] tye] 
ee | ER EES en, (ee (eens Re pee (oe Meee Pee | 
1897. | 
May 17, | Grey skate, wal as “ = : : ; a et ; : ; : 2 : : 1% 
1g hours. | Thornback skate, | . ; : ae , : ; eee Ce ys | 1 ET wale :s ; wa 6 
Common dabs, . | - riot ifm eas (OS Bs : - : ; : Suiluee 2 : ; - - : oD ane 2 
Wich soles, [ 4) ss) se | a 1 Bie | | 48 | Ws | 12) 12) 6] 2) 1 ) 127 
Sail flukes, . Salas sl as aT SEE os US 2 ee a ee Uae ee aie 1 10 
Long rough dabs, | . 1 5 4a : 3 ; F ; eattiieas Aimee ity oo ‘ a 3 , Z 5 
Black soles, a AS . A , 2 “ an al : : 1 ; " ’ 2 . 1 
Brill, . . . . . . . . . . . . . . . | . . . . . . 1 . nl 
Haddocks, . Bp i as aD ae oP: . : A 1}. eisiraat” te 2 F : ‘ ; : é 1 
Whitings, . alae r ; 5 1 1 male ; als | ee : 3 6 ‘ ; - z 5 
Gurnards, . . Se ol el es) 4: 8 Oe A Baits Bales he 4 é 2 , J 55 
Anglers, . 4, | ee ee 3 ‘ : ; : : . F . Tribes er ok Te ] 3 ft 6 
Hake, : of Oe a 1 Sd ee LAO se alah So | Sion |e ay ae tT 13 
233 


Sept. 28. | Thornback skate, | . ae lee ; ; UG a. See ai. . ies : . ‘ 1 1 8 
1.35 p.m.| Cuckoo rays, . [Mis ; 4 A : ‘ , ; ‘ ° : : Real) Se F 3 F h 7 1 
to Anglers, . ns - - 2 : : 2 : : ; } . A ee ewer Ae = 1a) 2 1 

: Sy Ie 7 

1 


3.30 p.m.}| Gurnards, . eal) ye Pe pet ORL Oa) SN a BE | dea ee . fAb sil as fl” = tietes H 
Red gurnards, .|-. | .-/| - : ‘ atic 5 : : ; ‘ : , F ? ‘ Eh) Ye : 
ee eat cca eH Stl a ttethe. OMe Meg cod] fe eH adh cotbrenemmaaten fe at, ae 
Sail flukes, . eee | ae ae ws asta * . A Ud ee HR |S | ae | Me : é ‘ 5 
ee a os Mee a ee tere OMe Gt bea yo et coh OW od Sh on ot ag a 24 
Whitings, . ip | oe | ae : é 2 Gi. 3 a : , : bles 2 é " - 10 

78 
| 

Station X | 

1897 | 

April 28. | Thornback skate, 6 C . Ue |e 5 Lal eDiat 2 , ‘ 5 

12 hours. | Lemon soles, . 2 i 1 1 : P i o 
Common dabs, .| . De Wa ie ae Zl o24l, 4 ; , . : . aah ge ‘ : p : 8 
Witch soles, Sal og 2S Aiba 2h) OG) 2Et 2OF) FO i 6h) 2h st lites : 97 
Sail flukes, yi er ° c : : 5 - 1G | : ut aes line . F 2 
Long rough dabs,| . SiEEY Byte sith te i | er : A ee : ‘ an kee 20 
Black soles, : : ; ; : : ‘ Le 3 y Dy 1 ey wth al . § 2 5 
Brill, . : Ns : moe | Nees tae etl A : ‘ 3 A ee . Z 5 1 
Haddocks, . 5, hee : . ' 5 4; 2 ] - : 7 
Te Sea RE Ty REIT | eel | Seer ee mee | | | | : ; 8 
Gurnards, . ties Pe eG La) S85) GE Oe) 4h) Dal EG irs : 67 
Red gurnards, ,| . 1s é : i 3 : - , 4 ‘ z ae ay ‘ : I F i 
Anglers, . ears : : : : : : : . . : : : oe ih . . - he 2 
eee P8An oe Tea este tl Ala e| Sel BH al OSH eth ol gal ap ee 16 
Brassies, . atts ae d : sie. c . a ° eS ee Be | 3 3 ] 
See ee he A eb he WE ath CEA | we Heel SEP Bie tee Thea dt ow the (| 1 
Conger, . atts : . 5 | g : It 

| 245 

May 22. | Thornback skate, ( “ 2 lL 1 = 4 A 1 5§ 

13 hours. | Plaice, ake | ae 1 z oe a 1 
Remenavles: i] 24] 's if-. 9) Ty. 241 : Lowen a etah cia ey ri 
Common dabs, . | . 38/10/11] 4 ean ° . F ee ee tae ho |e Cee ms ame 28 
Witch soles, es RE BPR VERB EE YTS OTe, lio Ma a Wa en a A 89 
Long rough dabs,| 2/19; 41/} 4; 2) . Fun |e SF F : 2 : : J ‘ : - ; af 68 
Black soles, Ee RR PT eR | ree ee | a NN ie eT i oe , ae 9 

2 Ue Mas od Py ele eay ema be the ES oh a Muse. fd zw: | cosr I a eee al ey eta ds : on 1 
Haddocks, . Ae lhe F - : ‘i : Uo mee: | a - : Se es ae Wiebe . ; 8 
SS Tala ile, a: ec > 0s et IR | Rae) ess oo {le ad ne Ko é : 1 
Gurnards, . Onl ke Dal eG) 2 | a (ieee jl ar re ie as, vase mt ee ‘ é t 32 
Sener fo) |, eee © icc tn Wi Seay ct meee geod! os Siw. al scl. tec ebusw teed 3II 
Bes. 2) ome fo) Varese ST ek oP PPS | | ae 
Ling, . - < ee : : ; =) [We : 3 : - * 2 - 3 z P ie. 

| 271 


* 36 inches. t+ One 35 inches. t 50 inches. §$ Two under 4 inches. || One 27, one 32 inches, §| Two 28 inches. 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BoaRD THE ‘GARLAND’ DURING 1897. 


Station, 
Date, and 
Time 
Trawl 
down. 


Sept. 15. 
11.55 a.m. 
to 
1.45 p.m. 


12 hours. 


May 20. 
1? hours. 


Station 
XII, 
1897. 

April 21. 
2, hours. 


A. FISH CAUGHT—II. Firru or CLrypE—continued. 


Kind of Fish. 


Cuckoo rays, . 
Thornback skate, 
Haddocks, . 
Hake, : 
Gurnards, . : 
Long rough dabs, 
Common dabs, 
Witch soles, 
Zeugopterus 
punctatus, 


Thornback skate, 
Plaice, ; 
Lemon soles, 
Common dabs, 
Flounders, . 
Witch soles, 


Long rough dabs, 


Haddocks, . . 
Whitings. . 
Com. gurnards, . 
Trigla lineata, . 
Hake, 7 : 
Brassies, 
Anglers, 


Thornback skate, 
Plaice, 

Lemon soles, 
Common dabs, 
Witch soles, ; 
Long rough dabs, 
Cod, . 5 : 
Gurnards, . 
Anglers, 

Hake, 

Lingy 


Thornback skate, 


Grey skate, 
Anglers, 

Cod, . 

Saithe, 

Hake, 

Gurnards, . 
Whitings, . 
Plaice, ; 
Witch soles, 
Lemon soles, 
Long rough dabs, 
Common dabs, . 
Spotted dog-fish, 
Picked dog-fish, 


Thornback skate, 
Common dabs, 
Witch soles, 
Long rough dabs, 
Turbot, . : 
Haddocks ,. 
Whitings, . 
Gurnards, . 
Hake, 

Anglers, 


4 |) 6) see he, Leo) ap 
+(/+/4]4+]414]4 
LN a Gare ae 
|. Sis gan 
se Wet a 
> ht a Naas 
Liat. Se 
1 
1 a. Nahe 
ge iN eae 
; LW dle eee 
1) 94 o441 1 Sieh & 
co ae ec ee ees ee 
1/ 7/30/13 }12] 4] 2 
SW ae We te eae 
J ee 
; ~ 1 2a Bass 
ia ia 
re ee 
1 , . . 
. 1 . e 
een eee cee ee 
ra Sey ae a ee 
we BW Bio 
Da Orie 244 a 
Oa. nat aBalt gl we 8 
oF eee 
: OW ee ATS Alt 
; T e894 aluDaee 
AR Tals cael, 
e e ° 1 . . 
: Me ee fae ech ie 
: coll GEM one al eee | 
NLA AA eal a 
aaa eee 
14 i ee ee 
Fe ies ee) Pe |) 
9|27|23} 8| 2 
Oe be a 
9 Sic ee : 


Sr 


nd 


14 


wo=—-* 


or’ 


oe: 


SIZE IN INCHEs. 


12113] 14 | 15 
+{+}4+/+ 
: 1 
vad 
hae a 

wr tee 

gp ee 
ee ae 

1 |; es 
Beh ae 

e 

4 5) 1 5) 
AME et He xe 

2 ee 

1 Bi a 
1 
1 1 
2/ 3/101 3 
; ; 

2 

Wied 

a) o3) cite 
ri We ee be 
gill. Waa, 
SW allows 
6, eh Stee 
; ALN 
s | 12 | 29 | 10 
7 os 1 
GAs 1 


. 
ot 


cr 
=e 
. 

. 


a | i ff | | | EE 


. 
° 


Ss, anew e 
. me 
oe _ 


. 
ad e e e e . 
— 


. 
. ee . . 


: 2 
° 1 | +t20 
tt3_ 
176 | 


* One under 4 inches. + One 28, one 30, one 31 inches. 


inches. 


4 One 28 inches. 


** 28 inches. 


$ One under 4, one 43 inches. 
tt One 30, one 81 inches. 


§ One 36 inches. 


ti One 44 inches. 


|| One 4 feet 11 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BoarpD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT—II. Firtu or CrypE—continued. 


Station, SIZE IN INCHES. 
Date, and 


Time Kind of Fish. l l | 7 ha Total. 
Trawl + 5 6 7 8 10s | v2 3 141 15 |) 16) Wey) WS | 19 | 20 | 20 23 | 25 
down. Rear en ere ahowed| aro tae ak ae eae, | Ae | ae one ae Mae abe pire) Rte te 
1897. | 
Peeeeeee |) normback skate, |. ew Ps Vhs Ve Fo dP be | we we | we | n} 2 2 
2 hours. | Witch soles, : - ia nee - Z Cul 2a cou 16a 1S | TSel) Gris : ‘ : ‘ é ; 7 
Long rough dabs, | . CAT TS rol aoe: : : A ; : A : ; : , : ; 46 
Whitings, . slings : . . : . Sale ar il ce ges Ga Bae & ; 5 . : 5 ; 12 
Anglers, . =| 1) Sed ee 6 Bl RR Pa 2+ 
Hake, oY tee Pee thee ll tat OW Wh Be aes 1 12} 
Brassies, . walhecs : : Meee " : : 6 1 
145 
May 20. | Grey skate, ea term ipee mi Ooh al oc a) age asp tho eh 6 ih eb Wise Ole cans 1 
2 hours. | Commondabs, .]| . ‘ - ah: 4 ; 5 : * : 5 : ‘é : é : . . : 1 
Witch soles, AP ea F : 1 V 4 2 il 3 Le 6 7 5 5 , : is s 4 5 43 
Long rough dabs, 3| 4] 24] 18] 18] 11 Tk lg : y : ; : ‘ ; ; j j x ‘ "9 
Whitings, . - : : ; A x 1 1 A 3 a - A 5 : 3 : ; ‘ : 5 2 
Gurnards, . | |e e bey. : Laie 2 e ‘ ; : : P ‘ : é ; : ; 2 
Anglers, . Salt ee - < : : . ; = : : : , é : : ‘ ; , i ae ie 
Hake, : : - Xe 5 : Tal BOM Osis s : : A - : : ‘ 18} 
Picked dog-fish, A - F c Z ; ; : ; 4 ? : : 3 ; : : 1 
149 
*May 26. | Grey skate, mt ee oy es 5 : ‘ 4 é 5 
2 hours. | Thornback skate, 4]. F : ‘ ; : : : 4 J ; ; ; ; : ; , : é 4 
Witch soles, Slee . é ; A eh ae ee ee on OR) Dei ae : : c ; : 3 30 
Long rough ugh : Cr) Sh Gh Fe Tih 4}. Sey ae ‘ ; 89 
Anglers,: . : C c ; A 1 qj2 
Hake, ° ‘ 1 2 1 1 6 1 : ° 5 **13 
143 
Sept. 24.] Thornback’skate, | . : 3 : = . : 7 ; - : ; £ ‘ : . : ‘ . 3 ttl 
1.55 p.m. | Anglers, . 3 . : 7 s : ; 5 5 : ° : : 5 ; 2 ° b all 
to Picked dog-fish, : - 4 Ale ; r : b : : H s 1 OG ; ‘4 4 ; 1 
3.55 p.m. | Hake, : 8) eae : : . Elbe 4 F 2 - 1 : $§6 
Ling, . . . . . ° = . . . ° . ° ° ~8 ° . ° . . . 1 1 
Gurnards, . sit ice 6 ; ; - ; : Qe os F ; = ‘ F : 5 : ; : : 2 
Witch soles, .] . . c «| 13 | 24 | 26) 47 | 238) 41 | 7] 3] . i : c : i 2 : 184 
Beeeued es Pe er aor Aa a eka) ee hehe ht ok Pa lath we Poe Penlihesh ah. 91 
Plaice, . reg) Pace Wl pec A wets Brey Aaa See ee Ae eet Wed TA El Sill aay etic hs 7 
294 
ae 
*Sept. 27.| Raia fullonica, . : ; 1 1 
9.30 p,m. | Thornback skate, | . : ; : 5 : A ‘ P : A = ; : : : 3 i ls |! {2 
to Skate, . cee mee ent ie it Meh iee tess! Woot Leet We ohh wd « | Bie ois “I 
11.30 p.m.} Whitings, . Ball ac : E c 730) an Sas UA 5 . ; - 3 ; : é ; : ; : 4 
Hake, . cM se oy ad eee es i Oe Diy bs 1 ae a i Widen eee Meee gad Oe fibes load ya 
Saithe, oy lee - . : ; - ; F : . A E : a ‘ Lule? . | KERB 
ce eee || |. 8 GRIM Re al ch Weed IE ci [ac leek fees kc ad Klatt wPea sore an Bad 
Witch soles, oahas : : 7| 6} 28] 81 | 63 | 49| 47 | 92/18] . 5 2 ; - ‘ ; 0 271 
Poeeeoendaps, ) oi) <, (ING 28 Waste Ose Ws tis |< ts ae faeces bees h one eee dt 2) 188 
Sail flukes, le So We =e Ie als eee (eed Ie tee Peak tes fat Meee |y25) tac Ibo is ea te eee Sealing 1 
477 
a ES 
Station 
XIII. 
1897. 
March 30.) Thornback skate,| . . 3 ° ; : ‘ be 4 . ‘ 7 : 1 
14 hours. | Plaice, 7 : 7 3 ‘ ‘ ; F : qh Pesce 3 1 a tl 
Lemon soles, .| . - ; : 3 3 , ; 4 : 1 : 1 
Common dabs, = hs . ° C iO F 3 F x 4 i 1 
Witch soles, wild’ : : : : : : : Die |) & 4 
Long rou gh aN F - alee Orie: x ; ; is j 4 
Cod, . : . 5 2 ¢ : : : ; 1 1 
Com. gurnards, . P oe p 1 
Brassie, . any! st late 5 DL wee F : 1 
Hake, F ral | Lae c : : ; ; : 2 2 
27 


* Hauls made at night. t+ One 28, one 39 inches. + One 28 inches. § One 45 inches. || One 33 inches. 4 One 30 inches. 


** One 32 inches. tt4feet 5 inches. +t 28 inches. One at 30 inch 28 inches. 28 i 
+4* One 30, one 36 inches, tt §§ One at si es, ||| One 28inches. 4] One 28 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoARD THE ‘GARLAND’ DURING 1897. | 


A. FISH CAUGHT—II. FirTH oF CLYDE—continued. 


Station, S1zeE IN INCHES. 
Date, and 
Time Kind of Fish. | . 1 
Trawl 4 5 6 71/3819 ) 10 11 | 12 | 13 | 14] 15 | 16 | 17 | 18 | 19 | 20 | 21 | 23 | 25 N 
down. pall Gia el bbe Ge aw Beeeaedeyeacais). i 
sae ie = oT | : | } 
1897. | } 
May 27. | Thornback it . es . | . ‘ . : ° 1 . ‘ ° . 1 « | . 
1} hours. | Plaice, 3 : iy Ye * . ° . . . . ) 1 . - : e . 
Lemon soles, .| . | .- | 4 SS ae oe 27 & j oo) 2S Oe RRS IS 
Common dabs, | 1 | é ; : $ : ’ . - r a 5 
Witch soles, '.| . | . Lels | ~). eer 1 | : | 
Long none dabs,i . | 37 2) 77-3750 4% | i . iss d, Soka 
Cod, -|-) a). 12) a) ab oe a .) 2 hs 
Whitings, . fs ia a % : z ‘ * " 2 2 ‘ 7. ee “ “ 
Gurnards, .- a i rus : - - S e A ~ : : ‘ = £ 
Brassies, . aa bibs | si ee ee A ~ : ‘ : : 2 “ 2 : 5 ' 
| | 
Oct. 11. | Picked dog-fish,. | . | . * gs : : E : s . . : ate - rit 
11.10 a.m.| Thornback skate, | . 5 x Gre L 5 L é 1 ‘ : - F 3 1 is 
to Cuckoorays, .|] . 3 ; i? LG & E : ; * : r X ; 4 ( 
12.20 p.m.| Conger eel, a | ma, Me ~ : 5 . Le | P : ot eS é 
* Se so he . 1 Ads 4.431 2.9 2a See “2 3. Wee 
Haddocks,. _| . | 1 2 ee See oe | a ee ee. fS 
Whitings, . | ct ae Ah a ae 6 ee ee ee ed a a 
Poor-cod, ‘ 3 1 | fess 2 . ; ; = : : : me! bo . : 
Brassies, . : 2a Gs Ge 4 : = 2 2 : : : é ° = - 
Lemon soles, 2 = - ‘ 3 dF ie | ge - F : é ‘ = 4 = 
Witch soles, : i > - E ai Fi. ty fer E : a : 
Long rough dabs, / 1 204 29.) 8) . a ea nc eee ee ee ae ee e148 oe 
Common dabs, on - 1) eee ee “ 3 : . : 2 | = : J : 
Hake, . . e . . . . . . - . . 1 4 . . . . . . 
| pos : é 2} él Meal. Bike. Li = Z 2 < j . § é ‘ 3 
paris vulgaris, | = = 2 : “ 4 : - : 3 s x ~ = 
iene Montane = ey ee eee ioe i a | a» as a oe eee fe . hy) 
Dec. 14. | Cod, . 4 | 3 : cS ; Z| 53.4 z ere. = Biss - 4 P 
9.40 a.m. | Whitings, «fre .| vs Pe ees eres dee eee - ST? Fie : j 
to Haddocks,. .| ./|.. a | wet oe duste lll eel a eae 1 ee ee : ; 
10.55 a.m.| Gurnards, : = 1 yg ed : : = : = Z é 2 . | 
Liparis vulgaris, : : ; 4 : 2 x : ‘ : c P J : % ; 
Aphia ee | ae lees : ‘ = : , Es ; i 
Brassies, . = ri ya ee | eee P| - 3 F x e F = 
Conger eel, oi a . ; 2 “ ‘ 3 : b 4 - § é . 
Turbot, = E é : : z ; 3 : : Dt 
Long rough dabs, it. 6|20| 5 | =i) Sa es sh ey oh Bt ol . 
Witch soles, | ; é S| : : By oy, : : - ‘ 
Nursehound, : a - 2 ) S ‘ - ‘ = E, 2 = Dal es x 
Station 
XIV. / 
1897. , | Ms 
March 30.| Plaice, ‘ = . m : . ne ee eS ae ees a J i - Kk 
1% hours. | Lemon soles, “ ° : 1 ee 4 f ° «on < o 2 | 0, eS 
Common dabs, .| . : Z th ee 1 ee 2 2 : “ “ : : ‘ 3 rc : - 
Long roughdabs,| . | ./|.3| 1| 4] . ¢ (HIE Pe : ~ |e SET 
Whitings, . . . . . . . . . . . 1 . . . . e e e 
Com. gurnards,.| . ee ike : . a) | ea 3 2 s ol : = E 
Butter-fish, 5 i . Fk ‘ . ~ ‘ - = ~ . i - ‘ “| - 
Liparis, sp., z < k P - : ; P : : a tae : 2 P : F 
| . 
| | 
May 27. Sandy ray, ~ . 1 . - . . . . . . . . . . . . . 
1z hours. | Plaice, 3 P i 2 ‘ : LY] Sel Saar ese s 5 F s ‘ 
Common ashe. <.\b- ‘ tl Iya! 3 : . ns " = F : : 3 ; te 
Witch soles, be lea F J 2 - P LV) Sibe Tia Seles a * : . { J 4 = 5 
Long rough dabs, 1 2 8 4 . : . . . . . . . ; . . . . . ; 
ocks, . . * . . . . . 4 1 gz . . . * ) . . . . . a2 re | 
Cod, . . . < .- - 1 . . 1 1 . . . . 1 . j*e 1 . . . . 
Whitings, A es ee ee Pe 2 ee ee ee eee ee eee Le 
Gurnards, Pe ee eee ae ee ee 2 ee es ee re le re 
Hake, © Ad . . * * . . . 1 . . . * . . . . . . . . 
Brassies, . ~ * 2 4 * * . . . . . . . . . . . . 
' 
ae 
’ oe 


* One 28,inches. t 29 inches. t Twenty-six at 1} inches, nine at 2} inches, four at 3 inches. Two at ahs oe 
at 2inches. || Fifteen at 24 inches, two at 3} inches. { 34 rite I ** 30 inches. tt 33 tila 113} inches. 


9 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT—II. Firru or CiyprE——continued. 


| Station, S1zE IN INCHES. 
Date, and 
tl Time eee. i ata eee aie re | th Ph een | oo Total 
Trawl Ai a gee ot eee ee ee | 12 | 13 | 14 | 15 | 16 | 17 | 20°] 19,)| 20 | 21 | 23 | 26 
down. (ns gi hou’ ides le OM eal MRAM MAME MMM  Woccls[eccl> cc: Rae allel Oa (a 
1897. | | 
F Oct. 11. | Anglers, . ‘ : . 1 
2.45 p.m. | Cod, . A F 3 Tat 3 6* 
| to Whitings, . Lay ¥y 3 
m 3.55 p.m. | Brassies, a F ° 3 . 2 
\ Gurnards, . ea ee ee a ae oe! Z 
( Lemon soles, .]| . B x F ; , : q ; 1 1 
Witch soles, ya) eae aie P . ‘ d ; ES ee ee Oe ee ee : ; , ; : 8 
: Plaice, - é z é ; : “ : - - : , A Br | ete, ae g : ; LW es 1 
; Long rough dabs, : Sao Nes tpelaa 4g ; < 2 : ; ‘ : : P : : : 22 
a Thornback skate, A : 3 ‘ ‘ 5 c 5 ; 4 : , 1 ee : : ; 1 
4 52 
— ——— oe 
i 
i Dec. 14. | Thornback sae rip, : ah oul eal. ; 3t 
1.25 p.m. | Cod, .. z 2 3 : : : 2 
I to Saithe, Be Maar at bed date Getah am BESTT oe 1 1 
a 2.25 p.m. | Haddocks, . Sales 3 ; L ; F : C 1 1 ; 2 
I je ae era a sl ee | ‘ 3 | 3 
. Brassies, tA i! , : | 2 
l Hake, . CS ; 1 3 
3 Argentines, ye ; : 2 ee ai ketene : te | ore Ne PE ieee | fun Mate Das 3 
' Gurnards, . st pape ra 2B ome Uh ge a | Re i |e k (ee Ve | ay VA Rn ae eee ey 12 
I} LiparisM ontagut, Oh hee : é = 3 - : : F : b { : ‘ : 4 : at ue 1 
a Pirie, oP SOT Mik | NCP) Sat br | aR A SAA any De) get A SA Mae og 2 
i Long rough dabs, : Dy) Got Boi AZ . Si. : ‘ ; catia ‘ ‘ P ‘ ‘ ‘ . 47 
Hl Witch soles, Bl hatte 2 F : ‘ ; 3 Sa ales 5 Oa 2 ; ‘ ; P ay it a 19 
dt 
ae 
16h} 
y Station 
XV. 
i 1897. 
Il March 30. | Thornback cae See ce rn cdr ON SAD ee Ta eM eh al a iwi a he eine Bs 1t¢ 
" | 14% hours.| Plaice, ‘ ee Mie Lie oeilt sh ss MK wath ow PR eek Seo ety MeL os 1) et eee tan eta Pee ie 4 
i) re a Neen atic he Hi eet ey, OM aa Se Mh oth etone fa Mek Roe IPs 2 
4 Common dabs, on ee P22 ie. : ‘ j : ; 3 : ‘ : : : , 3 , : 5 
\ Witch soles, ¢ : ; : é 2 5 9 | 16 | 41 | 43) 10 4 AL es i 4 ‘ : 2 F 131 
i] Long rough ail ag Een a : . Z ; a ae ‘ : , ‘ g F : 116 
i] Whitings, . et ves : ; F iyi ‘ . i A A 2 4 - i . F ‘ ; 1 
| Saithe, < SNe a‘ : : : 3 ‘ Z : , a ae J “ . ‘ 5 i 
Hake, . F y 2) 1 : 1 4 
i 
265 
Bears 
May 27. | Plaice, H ile ; 5 ‘ é : i p F a ee EF e $ 2 
{l 1. hours.| Common dabs, .| . | . tet Sede hye : Aly See teeze a tey ee es 6 
3 Witch soles, eral een ; é ‘ : : AP OR Se D2 TS. LON! SQ tres 3 =e ies 3 : : 73 
5 Long roughdabs,| . Aula rS)e2gelieon || 24 ||. fal ee 5 ; : a . 2 F F : : 99 
§ Eee era Stine Re se) Pree Tes Ads) hea hae bios pl’. +.) (oS Senee Aa BY 
Ee 6d ee hs te baal techn rs ot had A Rows [dowel Pets Th, Ag Al a 2 
| Saithe, Ls ti Be ee hts ke 1 1 
mi Gurnards, . ae ae a 1 ; ; 2 
! Hake, . : s P : 1 2 : 3 
Brassie, . F 1 E - “ 1 
6) 
= 192 
\ = 
I 
5 Oct. 8. | Witch soles, a: Nee : 3 A Dy STDS 2 Sh B08 AGS Set 152 
ij 2.5 p.m. | Plaice, 5 , ‘ ‘ : . c P Ja ac ae | 13 
5 ct, Long rough dabs, $| 8 | 50 | 38 | 55 | 13 Sothek series) ha. | Wi 162 
{ _| 3.30 p.m. | Common dabs, a Ze ie : 3 7 . - A F 3 
5 Cod;, . a hess f 3 , 2 - : 2 1 7 3 
Haddodke).. 1 |athouwee ks | > Jor. 1 1 2 
| Wiiives, 3: See te ty 1 
| Gurnards, . a lies ! 1 I 3 : j 2 
ay Fuller's ray, .|.. 3 i. FE . 1 - ; 1 
i 


oo 
oo 


* One at 35 inches. + One 35 inches. t 27 inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoaRpD THE ‘GARLAND’ DURING 1897. 


! 
Station, 


Date, and 
Time 
Trawl 
down. 


Station 
XVI. 
1897. 


March 29. 
24 hours. 


May 28. 
2% hours. 


Oct. 8. 

| 10.35 a.m. 
to 
12.40 p.m. 


| Dec. 13. 
| 2} hours, 


Station 
x 


1897. 
March ”9, 
14 hours. 


May 28. 
1# hours. 


Oct. 6. 
9.10 a.m. 


to 
10.40 a.m. 


Kind of Fish. 


Cod, 

Hake,. 

Brassies, 
Gurnards, . . 
Long rough dabs, 
Witch soles, 


Witch soles, : 
Long rough dabs, 


Witch soles, 
Cod, ’-. : 


Witch soles, 
Lumpsucker, 


Witch soles, 
Long rough dabs, 


Plaice, 

Lemon soles, 
Common dabs, . 
Witch soles, 
Long rough dabs, 
Cod.) . ; : 
Whitings, 

Lythe, 

Brassies, 

Hake, 


Plaice, f 
Lemon soles, . 
Common dabs, 
Witch soles, 


Long rough dabs, 
Cod, . - : 
Saithe, 

Conger, 


Gobius minutus, 


Cod, . 

Hake,. : 
Gurnards, . : 
Plaice, 

Witch soles, 
Common dabs, . 
Long rough dabs, 
Lemon soles, 


A. FISH CAUGHT—ILy Finra! or Onype— continued: 


+ 


Sa. Sy Se 


a?  @ . . 
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b) 
2/2 
2 
1 
2 
S42 
10 | 45 


_* 


* One 28 inches, 


Noche * 


* orig” * 


Meise pec * 


a ae 


+ One at 33 inches. 


SIZE IN INCHES. 


mh 


" @oot me 


9 | 10! 11 | 12 | 13 
+l+) 4/414 
ae Ss Se 
Eee ea aol Ae 
4|.slis| 71 6 
Rie Bes 

G) 4) 61% 
ot ae eh Wall ee 
ae. ; 
a ae a a 
Leah ae 
ow (ee ee 
Bibs I. 
Se ee : 
Pa ee |i 1 
ie é 
06 be 
ae ie 1... 
File Wee eae 
- | 10 | 25 | 32 | 24 
Oi) 5 UE elas, Bie 
: 1 
haa eae og al 
1 cae a eae 
3| 8|11/17/ 19 
0) aioe Wl ose 
ree yee bee ee 
. . 1 . . 


ai ese 


18 


12 


0 * 


+ 30 inches. 


16/17) 18 | 19 | 20 
ee oe ee ee 
e : d | 
| 
. . } 
| 
: | 
Pa Piet oe | pe 
a) ae 
eae | ge | pe 
| oie 
. 1 ; 
: ; 1 ‘ 
a E Dl at oR 
Vio1 : Vie 
6 . . . Md 
§ 24 inches, 


es 
bo UB co bs to 


Nee 
SR++ 
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TABLE C.—Regcorp oF OBSERVATIONS MADE ON BoarpD THE ‘GARLAND’ DURING 1897, 


A. FISH CAUGHT—II. Firrxn or CrypE—continued. 


Station, SIZE IN INCHES. 
Date, and 
Time Kind of Fish. pa. 7 
Trawl | 4 6 ) 
down. as oe | ut 


+4 
a 

+e 
| + 
| +3 
+ 


ae, 


RR a cd ee er 1 

hour. | Saithe, : a es ‘ : ee ‘ : ‘ 
Haddocks, . ale : : - k ‘ : 1 
Gurnards, . aripare : ‘ : 2 ‘ P 1 ‘ 
Plaice, ‘ shalt ts wry ars ‘ ; : : ; ; ele] : : 
Witch soles, .| . : : : ; : , 1 Wa Ts glia ceil (RS Ta | : Al 
Common dabs, . | . ; é : ; ; J ; a ees ; 
Longrough dabs, | 1 
Zeugopterus, sp.,| . 
Gobius, sp., : 
Aphia pellucida, 


1897. | | | | 
| 


° pe 


o> 
_ 
-_-— 


' ———E ae ——E ce, |e Se Se a ee See Se ee ee ee Be eee he Rt ES a 
; * 2} inches.” t 2} inches. ¢ 3} inches, 


| Se SES feel —aof =| BOT eee pee 
—- a 
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TABLE C.—Recorp or OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1897. — T 


A. FISH CAUGHT (Shrimp Trawl)—VI. MorAy Firru. 


S1zE IN INCHES. 


: 
, 
s : 
Station 
. | 
1897. 
June 15. | Lemon soles, . - | 
30 minutes) Common dabs, . | 17 | 
Solenette, . 
Whitings, . . . ; : 
Gurnards, . real ee ; Bale ¢ ° 


Station 
VII. 
1897. 
June 10. | Lemon soles, ? 
30 minutes} Common dabs, . 4 
Long rough dabs, | 10 
Zeugopterus, ‘ . 
Whitings, . 0 een ie | 
Gurnards, . io 
Hake, . d - - 
Four Bearded : 1 
Rockling, 
Dragonet, . ‘ 1 
Pogges, 
Hag-fish, 


ofa toan® © 50'S 


_ 
i _ 
- 
kt bh bo 
. 
Sao) 
ld ae ea 
are a ee ey aa i 
» * « wa | - oe SS Ae 
ae ate es et eee ae ae : 
en eC iar oa fa a 
Git eee ten nse taate te rats a ee ae 
re ee gga spew 
* 
“.., ee 
. 
4 sieilla bbs teleicl 


30 minutes} Gurnards, . 
Dragonets, P “ - ; - : 
Three-Bearded : - é F : 2 : 1 

Rockling, 
Agonus cata- Se ee I 
phractus, 
Plaice, 7 - - + . ; : : - 
Common dabs, . | 7 | 53] 88]19] . - - 5 A : - . 
Lemon soles, .{| 1] 1]. - : 3 ‘ - . 3 
Long roughdabs,| 2 | 22/29] . : . : = A 


ie 

7 
_ 
. 


) 
. 1 
Nov. 11. | Angler-fish, Ps a : 5 . RAs : : . ‘ . 2 eae ; 


Station 
IX 
1897. 
June 10. | Common dabs, . | 20| 10]}13] 3]| 3 Be oe ras EA : Va 
30 minutes} Long roughdabs,| 6| . a a 5 . . . . ° . : . 
Gurnards, . a oe ‘ “ - : : ~ A : 
Pogge, . 1 : . ° . : 
149 | 
——aae 
eer OC. 2 oS eh One , ol es Ue 2 | 
'30 minutes} Hake, ; S| Panetta Mos ; : . “ - - 2 . . : . : 8q 
; Gurnards, . = a s - af 1 A 5 . < : . . 4r 
Gobius minutus,| . | . ’ eth s oh ie 1s 
Dragonets, hb (ho faa! Ms : ‘ . : : . : 6a 
Fogg, = 2 | Lp. | ef © | oes fo ee el ; a at 
Witch soles, oe ie : 5 ‘ ; 3 x . . : be fe 4 . . 1] 
Common dabs, .| 17/11] 8| 8] 2 me pee ; ood ae ee 46 
Long rough dabs,} 9|18|11] 3] . yet. : ok ell tes : . 46u 
Lemon soles, .] . E 2 hs : ‘ m : , - ‘ . é . . . 2]. 
119 
Station — 
XI. 
1897. Cod, co ble : if x 5 i , i : 5 2 3 i x 2 . lv 
Nov. 22 | Gadus minutus, | . me [ys We ea ee ee ee ee eee ere eh 
'30 minutes} Haddocks, . 3 , ; y ah oe ; : : ° 2 = s 4 
Gurnards, . . . . . Py e 4 s <q . s e . | . . . e . 
Anglers, . ae ; . - : r : 1a) 3 ‘ ° : 3 5 4 . 
Lemon soles, “I ; E 1 a. es 5 . ‘ E eo fe 
Common dabs, .| . Ts Bee 2 Te| i 5 4 : : : . ‘ . 


a Three at 2}, ten at 3h inches. 63}inches. ¢ Two at 23, five at 34 inches. d Fourat33inches. e2inches. f One 3} inches. 
g One 23, two 3} inches. AT wo at 23, four at 3} inches. i Three at 34 inches. j Twoat 3}inches. & Two at 23 inches. 
l Four at 2} inches. m Thirty-one between 2 and 3, and fifty between 3 and 4 inches. mn Two at 3} inches. 03} inches. 
p One 2}, one 3} inches. q One 2h, five at 3} inches. 7 One at 2}, one at 3h inches. 2} inches. _ t Two at 3} inches, 
uw One at 2h, four at 3h inches. v 3} inches. w Two at 2}, twoat 3} inches. 2 2}inches, y One at 30 inches, : 


tal! 


of the Fishery Board for Scotland, 49 
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A. FISH CAUGHT (Shrimp Trewl)—VI, Moray _Frrra—continued. 


Station, Size In INCHEs. 
Date, and 

Time Kind of Fish. l Total 

Trawl 4-8 | 63) Tir ay 9 | 10 | 11 | 12 | 18 | 14 | 15 | 16/17] 18] 19! 20 | 21 | 28 | 25 

sown se ee rs rd |v | ted ed eK age add at rd ag aay sg a = 

|---|, — | | 

| | 

Station | | | 
VI. / | / 

1897. : | | 2 
June ll, | Lemonsoles, .| 2 2) 1 1) 2 ! | i 
30 minutes) Common dabs, .| 2) 1 2 ae fa 

Longrough dabs,| . 11 ; 2 
Seugopterus, «.).. |. |. |. aA en |e ee ; ? : : ; met ee «Ghihe a ae 1b 
Brassies, . .| 1 | Olay Tilers Med ee tees eed ee) Pg hue Co) Me Ce hehe ae.) |e) Te de 1 
a | ae a 
VII, Ciype. 
Station ) | REA ae DG eae | Saas | | | 

1897. a es fi bs dla Lae mg 
April 21. | Plaice, : mys ‘ 1 ee , F : ee Ge Leg ae mi Ge econ ee ee deere | 1 
30 minutes Lemon soles, ./| 1 1 1 / . fo HY i oll ee | 3 

| Common dabs, 2A AES) Aa ON i ia | | | 4 
| Long ronughdabs,| 12 | 13) . Dl ae ; : Soa eg ee | heer a ea limes aR coe, ee : a anes 44c 
Gurnards (com. ds : 7A ie TE ee A ee p Sg eed een ee PY ce Weal ec ne PS : ; 2 4 
Brassies, Rn ae eRe ee habe thoes Bee | S| a ty eult © fs cb werent 12d 
Poor Cod, = See RIE : : : : 5 ans es - - Dd WV Geese ih | 4 
Dragonet, . sel ooe | er) Si Die ea dl ecas ia tee goa OR ees ena a a a le 
| | 
| | Be ee: 
; | | <= 
May 20. | Lemon soles, fs 1 9) 1 | | | 5 
30 minutes} Common dabs, ‘2 x : | | 4) 
Long roughdabs, | 3/ 6| 5 | : 189 
Brassies, . . | 41 é “ | / 44h 
Gurnards, . tee : 2 : g F Pe linet a ‘ 6 F ‘ ; a 5 3 ; : Fi 
Conger, . aly < ° : . ; d - F ; : : : : : - F : ° F li 
Dragonets, . RB es at ae "i c = , a é ; : : ' ee lias F ° me : ‘ 3) 
| | 76 
H | | aia 
Sept. 24. Hake, i te a oe | Valea aaa | | 4 
12.5 a.m. | Brassies, Tg aah Sa ss 3 : : Px bie : j ; ; : ; 3 
to Gadus minutus, Paha ih EN tie od wae i read ewe AD Zeca S| l 
12.35 a'm.; Gurnards, . .| 2 2 ee : 4 
Common dabs, : Pee el Ty hy é 2 F Abe 9 
Long rough dabs, oy Aes PED Ud ee : 5 a 
Lemon soles, b UD Nees Bes 5 2h ke 4 
Dragonets, . rahe din iiss 6 ° c é 10k 
| 
mipeton | | 69 
Er, | —, 
ieepril 27.; Witch soles, .| . | .| . |... 2h a) 8 Se Da : 12/ 
| |30 minutes| Longroughdabs,! | | 1 | 2] 2/5) .° ~. Re esscibtae alh ; | 19m 
Whitings, . A ama eth cae ae | Bit . 7 
Gurnards, P SU i arabs d , begs | 1 
Pemreos. se 4) 31) el Bete! * 1 ; | 12 
Dragonets, RAG ror. sawn ns ove ashe) tesenth cok Wovuasadl ate pe be eae | 9 
Gobius minutus, . . P : : if ‘ : 5 q , F : E c = ; - : o | lo 
Argentine, . : DPS Eat Bape’, ¢ . 7 
Four Bearded ; walt alt tele : - : : Sa te : : : : - ae 5 
Rockling, . 
| 73 
May 17. | Common dabs, . | . 1 1 Weve 5 5 | 2 
30 minutes} Witch soles, 2a eomee tebe sale bo 1 ; ; 15 
Long rough pie 1 : : : . | 4p 
Whitings, 5 Tl 23 1 = 5 
Angler, illus 4 , ‘ ; . 3 . . 1 
Hake, < ° 7 . 1 . . . t . . 1 . e . . | . . | . . . . | Z 
BO eer at es ir bets Sten a5 1) sna aS beak Ad) we ae ioe la hee Pies Al, ec ees fe Si 
So gscoceen okey Pee (OE SEN 8 SE ER Gag | te apr | OR’ Pg | ete ey «\ Poe uese a “s. Fes 
ee aso treat RAMI) ys > Ser Hol! Gece the olde! ARAL com chicas peacabe® [sa RRR &q 
mea, he eee Ah ised Weeden. | 2 | 2 [ee drs, | ctpapapeoe . aba 
Argentine, 2 ananassae anIeR ect aa PVE RRHEAL ch | aeccal cezb df oe | Ye | 
. | 47 


|@One 3 inches. 6 One 3} inches. ¢ Eight at 23 inches, ten at 33. d Five at 3} inches. e3hinches. f Two at 2} inches 


g Four at 34 inches. h Three at 3} inches. i 44 inches, 7 One at 24 inches. & One at 24, eight at 3} inches, 
2 One at 34 inches, m Fourteen at 2}, and five at 3h inches. n Two 23, and four 3} inches. " @2 inches. 
P Two at 23, one at 3; inches. gq Three at 23, and five at 3} inches, r Two at 23, and one at 3% inches. 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT (Shrimp Trawl)—VII. CuypE—continued. 


S1ze rn INCHEs. 


1897. 
Sept. 29 
10 20 a.m. 

to 
10.50 a.m. 


Piked dog-fish, . | . , = “ > 5 é ‘ . . ‘ 3 ee ee 1 
Thorn-back skate, an Le £ P . 5 . 3 ' 1 ae 4 5 
Dragonet, . 2 a on 2 : 4 . ? - i 4 5 | 

Hake, . Fe are . . . . = _ 3 5 . x ‘i 
Gurnards, . Pe Ieee : - . . s ‘ tle x “ - 4 ; . ‘ ’ : 
Whitings, . Sa! fie - A 4 2 . 2 - ; a aie t 


\ 
_ bo 
for) bo 
_ 
_ 
— 
* * 
* 
ne Yad 


Brassies, eee 
Poor cod, . . | 51 
Argentines, 
Aphia pellucida, 
Long rough dabs, 
Witch soles, 


° bm Cob 
i) 
. 


. hats 
_ 
i 
i) 
eee aw 
oo 
— 
. 


Station 


1897, 
April 22. 
30 minutes 


Witch soles, 

Long rough dabs, 

Whitings, . 

Gurnards (com. ) 
ake, . 

Brassies, 

Poor cod, : - f 

Angler, : SALE . . - R ° . 

Dragonets, . * : 3 F 


i) 
* 99 

— 

-_ 

Bee oS 


mo* wo® 
-_ 
° 
i) 
— 


Ormrrr? 


Tite 


com" 
—_ 

* 

* 

* 

* 


* 
_ 


eke 


Gobius niger, . 
Argentina sphy- 
raend, 


-_? 


— 

ho | 

wet a Co Cea 
i) 
_ 


May 17. 


Thornback skate,| . ¥ e . = : ‘ ‘ : sil te 
30 minutes - F = - 


Sail fluke, : : P J 
Long rough dabs, = - | 
Haddocks, . : : 

Whitings, 
Gurnards, . ales 
Brassies, . ee Be. 
Poor cod, . 7 


teat ee Ba ee : : PP hes | | Sol ; 7 : 


i 
rem ES) ere 


Como’ * 
oe 
° hen” 
of ents oe 
wn 
to 
pene 
see te 


Dragonets, . 
Argentine, . 


* 3 
— 
a ° 
. 


Sept. 28. 
3.55 p.m. 
to 


Haddock, ae - 7 = 7 : 
Whitings, . =| ae: De ee ‘ 3 - 2 2 1 
Brassies, “ 3 P F : : - 
Poor cod, 


pae 


4.25 p.m. 


"wn 
. 


) o 

e2E3 

mS ends 

§ st be 2 

ELS o 
mi on 
_ 

_ . 
i 


Station 
: a 


1897. 
April 28. 


Witch soles, 
30 minutes 


BSS 
5 Em 
3 
8 & 
aw 
i= 7 
a 
Pp 
> 
2 
©o°* 
i" 
. . 
_ . 
. 


Dragonet, - 
Gobius niger, . 
Gobius minutus, | . a 
Four - bearded ~ ; s UD 
rockling 


. 
. 
. 
. 
Sey pe Ae 
. . 
. 
CF eee oe | 
. 


a 3hinches. b most at 2}, twenty at 3} inches. ¢119at3}inches. dOneat 3hinches. — e 3} inches. Ff Six at 3 ne Aa 
g Seven at 3} inches. _ A Four at 3} inches. i Three at 3} inches. j 2} and 33 ma, k Two at ar inches. JOne at hes 
m Three at 24 inches, 7 One at 33 inches. o Thirteen at 3} inches. p Seven at 23, ten at 3} inches. q Two at 3} nehes, 1 

r Six at 2}, five at 3h inches, 8 One at 24, three at 3hinches, _¢ 23 inches, 


A. FISH CAUGHT (Shrimp Trawl)—VII. CrypE—continued. 
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51 


fl Station, $1zE In INCHES. 
1 Date, and a 
Time Kind of Fish. Total 
Trawl 4|6}6|:2 | 8 | | 10] 21} 12 | 13 | 14 16 | 17 | 18 | 19 | 20 | 21 | 23 
“j gow. +/+}4+]4+}4+]4+)/+]4) 4+) 4+) + +{+/+]/+]}+]+]4+]+ 
| 
1897. ; ; 
4p May 22. | Thornback skate, | . - . . . . . . ° . . y 
3 30 minutes} Common dabs, ; ag has é : . ; : . : 
1) Witch soles, P| eed As IK I Pay ea) he et aif Bat ee eth a re 
60) Long rough “ure bul 2 : J i - - ‘ : . - > < 24 
;| Whitings, epee ae ae | RE Bt Sea aes Fe ; ‘ . . ; 
IM Hake, . . . . . . I . 1 * 2 
44 Brassies, PN ae . : . . “ . : 
i Dragonets, . a oe ' am ; : . 9e 
; Gobius niger, © ibe ‘ SVE ; ‘ . 1d 
i Gobius minutus, . : Be ee ; ’ 2e 
_| Four - bearded A ae Leis . 1 
Mm rockling, 54 
_ Ss 
Sept. 15. | Sail finke, eM eee hs Breas ; 1 
2.10 p.m. | Witch soles, Son can rata lh ee fl Le é 1 
to Long roughdabs,| 7| 4/ .| . res : 13f, 
i 2.45 p.m. | Zeugopterus, a a a le fs . 1. 
Three - bearded sake S$ 2 5 ie : 6 
I rockling, » 
| Hake, . = 5 4 1 5 1 : : : 
{ Gurnards, . : 4) 3 1 é 3 : . , 
14} Whiting, . . . . . . ° . . = “ g 
, Gobius minutus,.| . | . |. : : RSH : 3h 
F Dragonets, . 26 ah 3.2 18 Be dere utc tear : Thee . 1257 
if ASRCnUINESH SY. |. SEP EP el ’ Pe ag ae : 6 
‘ Tharmmbsck skate, |} "Tf J 1). 4°. |. || oe Mate dee AA ee - 1 
= 168 
6 Sa 
7 Station 
; XII, 
| 1897. d 
Apr. 21. | Thornback skate,| . | . | . 4 he Set haa ts : 1) 
i 30 minutes] Witch soles, oe la ae 3 BAD ik ed eet ; 14k 
i Loup rough dabs;| 10) 1) 3 t°2)*s i>. 1°. |. 4 ieee aaa : 321 
Kl Gurnard (com.), at ees ie my Tite tea ae Ce ier @ ns ; 1 
i Hake, SEL em eae hr re at wb caee [bee te Po aed - : 19m 
Brassie, SN ach ee acl oF i aur : sch he te : : : ln 
‘ Poor cod, 7 as a Bette | aed ee WT be a he ‘ ¢ 9 
4 Lumpenas lam-| . |. | 1] 3]: Sh Te. Pa 3 eT ae . , 4 
petreeformis, 
‘| Motellacimbria,.| . CRN 1) Oe) i eg (Me A ee : , a oe 9 
1 90 
; May 20. | Witchsoles, ./ 1] 1] 27. Alone) blew ie lel, 2 oy fas Os ha ae 5 
I 30 minutes} Longroughdabs,} 2/ 2/ 3/ 3/| 1/.'. ae Sule ae ‘ a dlo 
if Whitjngs, . oe) RB en cee | eae : Pals : . 3 
Poor cod, Cee oh ees ee ewe ; : E : ; 8p 
/ Hake, et ae 4 | ae ; ares. ‘ 14 
rf Anglers, eeticont. : : : : ery 2 
: Lumpenus lam- 5h i al aes : ‘ Pole ey | es 7 
‘ petroeeformis, | 
I Four - bearded ey ee a die | : : : 8 
Z| rockling, | / 
i Gobius minutus, Pit eee gee ae ; ey / : lq 
= Ctenolabris rupes- ae : ; pe ia : Ae bl! ie lr 
tris, ———s 
100 
al | ferret CGMEBAEOG gs nk) SP bh cb | wit owid alk eth ch 2 FD gee hs ae oY ae i ae | We 2 
7} : 4.40 p.m. | Hake, F : ‘ a en Nie y | Aes Tele abel). < : - : i ‘5 ; 11 
| Hi | __.to Three - bearded ‘ i . Det ce : § 4 , F ; 3 ry tee 7 - 4 F Zs 
| # 5.10 p.m.} rockling, ; | 
ig ' | Argentines, ath ob poe WRU IDS comple rts here dace iaremeeees |<) | sh Ute) bicw ince (ek choke tines 3 
} REIT 1 0 RRS ei laf | Gece fay de a A MO Oo SA a A ad) i | 
i. Gadus minutus,.|}48| .| 3} .|./. 4]. Se 4 ace] 33 4. iD BR PR AM thee em a a oe A 83t 
iY | Gobius minutus, feel. : SEC de F : = s : : Pid) ee Ui eee ; ; 4 : 8u 
| wl: uterine.) <5) “stl aneemen oi | 28), Geshe Pl ee te. (HR Pbk eee Te ae 
a. Long rough dabs, | 63 | 21.) 32|}°3/'2| .{'.j.].]°-]. |. wn iP cae iaee ts fl coh Renee eve FH g 1930 
i, toe Le 347 
‘ a@ One at 3} inches, b Eighteen at 3h inches. — ¢ One at 23, three at 3} inches. a?) 3} inches. e Two at 22 inches. 
f Two at 33 inches. g 23 inches. h2d inches. 7 Five at 3A, and 85 at 3; inches. j3inches. k Three at 3} inches 


l Two at 23, eight at 34 inches. 


q 23} inches. 


7 35 inches. 


8 Six at 34 inches. 


m One at 34 inches. 


t 32 at 3} inches, 


n 3% inches. 
uw 2% inches. 


o 32 at 23, eight at 33 inches. 


v Two at 14, 


p Two at 33 inches. 
and 70 between 3 and 4 inches. 
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TABLE GC.—Recorp oF OBSERVATIONS MADE ON BoarpD THE ‘GARLAND’ DURING 1897. 


A. FISH CAUGHT (Shrimp Trawl)—VIII. Firrn or ClypE—continued. 


Part IIT.—Siateenth Annual Report 


Station, SIZE IN INCHES. 
Date, and 
Time Kind of Fish. ) | | l 
Trawl 4185 | 615% |e 9) 10/11] t2) 13 | 14/15] 16] 17 | : 18] 19 | 20 | 21 | 28 
down. +l Flt] HL ee ele Pe ep e te] ep et] ey ae tpt] ty st 
Sanda to | Bennan Head. 
Station 
1897. | 
Apr. 26. 
Station 
} 
1897. | ; ; 
Apr. 26. | Sandy ray, : ‘ ~ , ‘ ‘ ’ Fs “6 i : ta ; A h * 2 « 
30 minutes} Common dabs, . F 1 ‘ . F x A 5 : 9 : . of es . e 
Zeugopterus, sp., 1 i oH ° . ° ‘ : : » i} @ : ; F A . Aes 
Whitings, . . : | P : ; . Gh ae : : : ‘ : : : 5 : 
Poor cod, 7h eee - “ - : : P : 2 ; i , : . P * 
Brassie, ee | ae ‘ . : : ‘ : . : ; ‘ ; ; Sires 
Gurnards, . 3 , 2 2A we Wee 4 : f : ; ‘ A 4 % : . : 
Dragonet, . Li <a ‘ . ’ . . . . Ae ee ° : . . . . 
May 22. | Thornback skate,| . | . |. |~- | , oem Wer Die a oath ta te 
30 minutes} Lemon soles, Lh S25) Fa a ie , f ; . : ‘ | a) SO ae 
Common dabs, .| . | 7| 9) 4 : Sete SP a ot tee! Sa aoe | at as ieee 
Whitings, . : Dae 2 : : : : . : : : ; ae ine 
Gurnards, . ‘ «ee! “. . ; ‘ . ; | ; ; ee 
Dragonets, . Ls Pe ee 2 | . ' : Ne Be ‘ ; |. 
Lesser-spotted 3 cs | : oF lec : a” | hae pie 
dog-fish, . 
| | | 
| | | 
Sept. 17. | Thornback skate, } . ey ; 2 . ; e ; 1 . 
9.0 a.m. | Solea lutea, 3 ot ne ; ; : is ji ; . | 
to Zeugopterus, . EBT cos ot oT eeeh ce Bos. A Ae . ) 
9.30 a.m. | Lemon soles, ‘ = Tlie Hl gs Ce ey ats | . | 
Gadus minutus, f Sa . ; : . A . ‘ 4 Sale F 
Pogge, , Pl dae - ; ‘ : A : : 2 : 3 
Dragonets, . 9 LD) iis . : : . . : : : . : . 
Three-bearded "| : | | ; : at Be as | ‘ { 4 +A ake - 5 
; - rocklings, | 
Station . | | adel 
lif. a) ingame’ 
1897. ae | | a | | 
Apr. 26. | Sandy ray, Z Ly Be Si : > ie te |e es | 1 | bie rae 
30 minutes} Long roughdabs, Less 2 3 Gee . : - oe | ‘ bis x Bers 
Solenettes, . . 4am Ws ott : ee (facia |e ire: Woe ; ay Fe 
Zeugopterus, sp.,| + ; - oy (Pace | | | , ay ies 
Lemon soles, .| . | . : . | : sales 
Haddocks, . . : |. By | eee 3 : 
Poor-cod, Ohl Bal %. 6a oe | Ro ated. ir 
Brassie, oie i ie i fee ai ; ; ; oe i 
Gurnards, . a ae -| U0 ew : 8 . et RE 
Angler, ‘ : , , a 5 : ; | 
Dragonets, . Or) as 1 4 ; 4 | : 
May 22. | Long rough dabs,| . : : ° a Weert : ° . : ‘ . : 
30 minutes} Haddocks, . : S : : : . 2 1 , . : ; : " 
Whitings, . a eae : - 2 3) (25) Bi! Al 4 4 a ; : - 
Gurnards, . : ; LF ce 2a) a: : . . . : : ; . 
Poor cod, 3 LT via ; : . 7 ° A . : ‘ ‘ = . 
Brassies, . oh 8s! Be 42a a ; . ee . . : : : ° 
Sept. 17. | Gadus minutus, | . | . |. | + -. e v | ee ae oH aS) ge ee 
10.50 a.m,| Hake, . : alae ; ; A : 5 f 5 ile < 3 ; 4 “i E » 
to Brassie, 1 | 10 | 16 . ‘ ; ‘ oe %, | oie SP Sa 0s ee 
11.20 a.m.| Gurnards, . : 1 a ‘ < . , sh te ee bale 
Solea lutea, ba s3 : He: ae * Bate se ores hoe os es 
Sail flukes, . Dy Bel ie , é aD ce ae ee ae We bs. : 
Dragonets, . 21 > . a | : = 4 - . 
FR Pa, | | 
* No fish, in consequence of the net being damaged ; have decided to cease trawling with shrimp trawl here. +4 
a 34 inches. b One at 34 inches. c Six at 3} inches. d One at 24 inches. —_e Two at 24, four at sf inches. a 3} inches, 
g2z;inches. h8hinches. 7 Twelve at 24, 36at3}inches. j3}inches. &Oneat3}inches. 7 One 24, one 3}inches, — 


m 24 and 3} inches. 


n Twelve at 35 inches, 
v 24 inches, 


o Nine at 34 inches. p Two at 23, eight at 3} inches. 


s 34 inches, 


-q One 25, one 3} inches, 
t Fifteen at 2}, 60 at 3} inches. Cobtict , 


= 
a 


A 


z—-N=\= 


— 
= 


\ = —. — 


—d 
= 
= 


So 
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TABLE C.—ReEcorp of OBSERVATIONS MADE ON BoarD THE ‘GARLAND’ DURING 1897, 


A. FISH CAUGHT (Shrimp Trawl)—VIIL. Firra or ClryDE—continued. 


Station, S1zE 1n INCHEs. 
Date, and 

_ Time eerie bf |. ft) hh ehh Pa ieee TR Ta. en eee ack) oa: 
Trawl 4/5/]6)]7]8 |] 9/10] 11] 12] 13| 14] 15 | 16 | 17 | 18] 19 | 20 | 21 | 23 | 25 
down. oe ee tae ee ee ee aed eT el ee er be te | bP 
Station 

1897: 

Apr. 26. | Thornback skate, | . : : 7 « ‘ : ‘ ‘ F Veli é ‘ ° . 1 


30 minutes} Common dabs, .| . yA iia oa ; ; = : : - ‘ 7 7 r . . ; ; - : 2 
Witch soles, A le ° f : F Ode Belek eoale A |) a bee . : : ‘ ; ; . : 19 
Sail flukes, . Bd ee ‘ : : ; : 1 Pie . 2 
Long rough dabs,| 4/ 5} ./.1|. Tah tare Te ‘ . 26a 
a oe 1 ae 1 mr oe 2 
Poor-cod, . Hel | yee a ie a ; 3 4b 
Brassies, Shr) Et ; 2 . = ; 5 
Gurnards, . i Lee : 1 1 
Dragonets, . «, Rake e - 36c 
98 
Saar 
Sept. 17. | Argentines, » Wes ; ao his : ; : ‘ : ma le - : : ; : ; : ‘ : 2 
12a.m. | Gadus minutus, 3 r : ; = - ‘ : A . . f P ‘ : : é : ‘ 2 2d 
to Gobius minutus, | . | . a ‘ ; i ag : ; " Pa) ae F : . ; ; d = Mle 5e 
12.30 a.m.| Gobius paganel-| . | .« ee Ce < 
lus, 
Whitings, . Zetia . : c Wiikeng : eet. - ; : : : 2 ; ‘ - , 8 
Brassies, . Peal ae a || - ‘ ; 3 : ; . é seal or : - : : ; : - bh 
cureara Se}. fe 1 : Ti 
Three-bearded : 1 1 5 A 2 
rockling, 
Witch soles, Ara| (ac . : ; 3 le hl aes , : é ' . 5 . ‘ stuhslee ; 2 
Lemon soles, .]| . a ee : : - - = 4 F : 5 : . : 5 A ‘ 3 $ 1 
Dragonets, . _ fa oe ‘ ; : ; é x : : A : 3 - “ A “ ‘ 2 3 27) 
Station — 
i 63 
1897. [SS 
mpr. 20, |slnormback skate,-| . | . | .°|.. | > : be . 1 . 1 
30 minutes} Common dabs, .| 1/ 1] . Dube E 5 
Witch soles, oth ee hag Ms etal he iy eal Dine PO hee bbe Bop ate be ea - 12 
Long rough dabs,|} 4] . Pr owas : ol ba Y ee Pe : ‘. : ; 5 ‘ . 2 19k 
Whitings, BL oy te ete Ee gl ae OU Ma . 4 
Poor-cod, . aE ah ee ; - - : ° 212 
Bese PB) Le) ele. : ; ; 8m 
Gurnards, . P| Pe ; ; $ i hase 1S 2 : é 4 ; A js A ; 4 : : 2 
Dragonets, . Mal Ae on) (A “ < a 5 : 3 ‘ : : : ’ - - E = ‘ z 7™ 
Argentine, . reali es A p nay es Z ; 5 , 5 A 7 } i 5 - - 5 ‘ 1 
Four - bearded ‘ 1 hae - ele i : 1 
rockling, 
Hake, = . . . . . 3 2 . . 5 
Gobius, . . . . . . . . . ° e 20 
88 


May 22. | Thornback skate, “| : : ‘ - : 5 1 1 
30 minutes| Lemon soles, 7 Ohas a) re | : , < : ! : 4 
Common dabs, Br el de | , 6 ‘ - : 8 
Witch soles, Ad en eS eB he: ll bee Sik 7 
Long rough dabs,| 6| 2| 2] . ; : , ; : f llp 
Haddocks, . 5 ; > a : 2 : 1 ? : gl 
Wena eS ap. hs es) es 1 4 
Gurnards, . ea eal ane a UP Z j Zileetelleis, ite ; : : : : : : : : - 6 
Dragonet, . ey Fad ees ee F é Py wee 7) ae ae : : : : ‘ : : 2 en , lg 
Gobius, sp., Rig Shae FR) as gah eats EEN PRs CA I De a ee i Me See oe cl) eee | Ir 
44 
=e 
Sept. 17. | Hake, ‘ oa a com eae” tare ene ey « A 2 ‘ . . . 2 
1.7 p.m. | Ling, - sales : ; - ° - - ) Lal Fes . : F 1 
to Gurnards, . Cag! ‘ oN : : 2 - - 12 
1.37 p.m. | Whitings, . Pe cet al call toa nag eS fs ee i ae A a2 ae ae aes Fs 1 
Brassies. . = (id, Orbe kr fall ; ° - ; . » c y - 17 
Argentine, Aa | ee - 4 3 . : ‘ ‘ é ‘ é . - ls 
Dragonets, . Peed | ee 3 f . 2 . 4 : - 20t 
Long rough dabs,| . - ° . ‘ 5 : . : 2 ‘ lu 
Black soles, a ie ; ; : . . : ‘ . 1 é - 1 
Sail flukes, . of hE . ‘ ‘ ° . : . t " ’ 3U 
Lemon soles, : 1 : elects x A - a : - 3 ; - 1 
Common dabs, . 9| 14/20) . $ ‘ : t 2 2 Z é 43 
103 


@ Nine at 23, eight at 34 inches. b One at 34 inches. ce Fifteen at 24, six at 34 inches. d Two at 23 inches. e 24 inches. 
inches. g Four at 3} inches. h One at 23, five at 3} inches. 7 One at 2k, five at 3h inches. j Sixteen at 24,nine at#33 inches. 
k Twelve at 2}, one at 33 inches. Z Nine at 33 inches, m One at 34 inches. nm One 24, two 33 inches. o 23 inches, 
p One 3; inches. gq 3}inches. 73} inches. s2}inches. ¢ Nine at 3}inches. wu 3s inches. v Two at 3} inches, 
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TABLE C.—Revcorp oF OBSERVATIONS MADE ON Boarp THe ‘GARLAND’ DuRING 1897. 


A. FISH CAUGHT (Shrimp Trawl)—VIIL. Firra or Ciuyve—continued. 


Station, Size in INcHEs. 
Date, and 

Time Kind of Fish. ; ’ 

Trawl 415 12 | 18 | 14 | 15 | 16 | 17 | 18 | 19 
down. + | + om eg oe et eer) en ee 


Corsewall | Point to Mull 
of | Cantyre 


Station 


1897. ° 
May 22. | Long rox aps, 1 

30 minutes} Witch‘soles, : 
Whitings, °. 
Brassies, 
Dragonets,’. 
Argentine,’ 
Gobius niger, 
Gobius minutus, . 


opal pe * 


Apr. 26.* 
May 18.+ 


Sept. 22.| Hake, _ 
9.55 a.m. | Whitings, . 
to Brassies, 
10.27 a.m.| Gadus minutus, 

Haddocks, . 


Station 
VII. 
1897. 


Apr. 26. | Black sole, 
30 minutes; Poor-cod, 


May 18.{ 
30 minutes 


Sept. 22. | Thornback aes 
11.50 a.m.| Hake, : 

to Whitings, . 
12.20 a.m.| Haddocks, . 


Gadus minutus, 1 
Brassies, : 
Lemon soles, 


Piaddato|Turnberry Point. 


Station 
VIII. 
1897. | 
Apr. 28, | Witch soles, ; 
30 minutes) Sail fluke, 3 : 
Long rough dabs, / 21) 15 
Whitings, . -_ ® 
Poor-cod, . - | 10] 13 
Brassies, i . o> we: 
Four-bearded . 
rockling, 
Lumpenus lam-  ., 1 
petrxzformis, 


* No fish ; but much mud and many crustacea, + Nofish. —_ ¢: No fish. 
a Nine 23, one 34inches. 5b Five 2h one 33 inches. ¢ One 3}inches. d One 2} inches. e One 3 inches. f od 3} inchieg: 3 
g One 33 inches. h One 33 inches. i Two at 23 inches. j Nine at 23, 19 at 3} inches. © k One 3} inches. — 


- 
” 
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-TABLE C.—Recorp oF OBSeRVATIONS MADE ON BoOAkD VHE ‘GARLAND’. DURING ‘1897, 


A. FISH CAUGHT (Shrimp Trawl)—VIII. Firru or Ciype—continued. 


Station, Size IN INCHEs. 
Date, and 
Time Kind of Fish. ais (ian maki eee ay ee a eo ea Sa Total. 
Trawl 4/65|6]7 {8 | 9 | 10] 11 | 12] 18 | 14 | 15] 16| 17] 18} 19 | 20 | 21 | 28 | 25 
>dewn. +/+f+]}+} +) 4+) +} 4+} +} 4+] 4+] 4+] 4+} 4+} 4+] 4+]4+/4+] 4+] + 
1897. 
May 26. | Lemon soles, .| . ; : ‘ : oe ae ‘ F , : , : d ; F , ’ i 1 
30 minutes} Witch soles, : ; P , : 2 | a . ; - 7 
Longrough dabs,/|} 16] 9| 6] 7] 3] . P ‘ ; : ; . j - : ? : : m ;. 73a 
Whiting, . { ; J apa ve ? 1 . 1 : : : : : 3 . : ; : ° 3 4 
Poor-cod, . eee ) ; a he : : , ° , . . : ; : : ' y : 33 
Brassie, at Meese : : 2 ; ; . : 4 : : : ; é é , : 4 A 1 
Angler, . on ae : : : : , , : . : . ‘ : ; ; ; : ; ; 1 1 
Hake, > ; : |i : : 1 he , ; , ; . : , : ; ; . 3 2 
Lumpenus lam- |: : et 3 a ae ee ; ‘ . ‘ Ss es et ey el ae Ae ay ‘ 6 
petreeformis, 
Gobius, sp., oun : : : : : : : : : ; ‘ ; : , ‘ : :. 4 : 1b 
Four - bearded 5 4 i c - 2 : : 2 ; ; : ‘ Pelee tir p : 2c} 
rockling, | 
151 
| —sa 
Sept 28. | Poor-cod, |e en ae : : : ; 3 : : ; . 5 ‘ . 5 E F A ‘ 7 | 
11.10a.m.| Whiting, . (ee OR ae el oe Bile ces ee ah Seb, fe Le Ae Oe 4d, 
et Brassie, Fal % : Be ee : Teles - : ; - - : F : : E - : : 2 
11.40 a.m.} Witch soles, ; ; 1 Lee oe 3 
ee ered Gals, Wael. Giles Df Bel ot bediete al awe | feo Peeves th tee hoe 87e 
rere C beet as Pos tt bos en ee Pet oe RP al go, me are eg of | 
Dragonets, . : ells : é ( : 3 A 3 2 k A ; A 3 : ; 4g 
Centronotusgun-| . te tae | et ee ier eee ST Se ae ee cape he 1 
nellus, —— 
110 
Station oo 
IX, 
1897. 
Apr. 28: | Common dabs, al sit : 4 ‘ 2 
30 minutes} Witch soles, : : : 1 2 Mi}. 4 : 8 
‘| Longroughdabs, | 82| 6| 3; 2| . e ; Z - 115A 
Whitings, ‘ Eh. 1 i, 2. 
Poor-cod, e220) a et Me : : 45% 
Brassies, AG) a is |! ncn a 3) 
Hake, . ; Sil 2 Fi Si ‘ 1 4 
Argentines, Y ; 4k 
Lumpenus lam- Ey 6) (Serie ni 30 
| petreeformis, 
Dragonet, Se ee ee ce ton ere oe a ce or a es ee eo 30 
Gobius, sp., Ee OT Celle) PE SUT SS SG CP MOA ge ON ie iy NS I ES a ee ee ae eee ee PY Im) 
Four - bearded ; : : ‘ Tale ‘ : ; : ¥ 2 p : ; ; : : é ; 1, 
rockling, | 
CE CT Sd RS 2 I ee a a 1 : 2n 
chus,. 
220 
= 
| May 26. | Witch soles, : 1 Bol ate | sete | i at hide ° ) 
30 minutes} Long roughdabs,| 9/] 1} 3; 1| .j|. Ad) ge) ae ee P ae OE a Oe ema ae OR 420 
ze Zeugopterus, BD cl Me : , : : AP eke Fe ae : < : Py ie igh |p ere ee a oe Oe lp 
|. Poor-cod, . 1 ee ; ; : ‘ ; : : ' : : : : as : al 5 1 
| Brassies, . et a he : : ‘ ; : y : ‘ : : , : : : Tt , 2 
Hake, . 4 OR oh ae ays, ae 2 UM ean ora | cea ee 2 
| Sea LL Set eo ae eget Poach ce Poe besmie 4q 
Gobius niger, Ds ; ; 2r 
| Lumpenus lam-| . | . a Ne 2 |e a == ae ey eg ee a 6 
petreformis, 
| 65 
Oke) LS OS ee mr a | ee ee | ce) ee 1 hui 1 
3.5 p.m. | Brassies, 0 Ee ee ae gee ee ee ee ae ee een ee Cer 1 
to Poor-cod, . Sl ig Cp Ps a ie Sa Dee ERS Re aoe Oe Bed ree ee ie See eae te 4 
3.40 p.m. | Whitings, . Bt te 6 on ie Mot oe he is Pine Lota oe ufc | os hh te Pehl na 3 
Argentines, é as a oh cet he ae Weak ce ae Hage a (et Sell tie Lah dena ha PES Py ial iia Da a 3 
Aphia pellucida, | . ; gel : , all a : ‘ : : E : , ; : - z Z 98 
Coenen MEM Ia ches Ke sp eet oh mt wee eth Oe Se Ph ep se fete, fe PN ae me 6t 
4 Three - bearded oh ft OS GAG WR es ae ogee) jeg a nO Ce (ae Se Gwe ne ( 1 
rockling, | 
| Dragonets, oh ie . ’ j at bie: ; A P , : P : : on = clues : lu 
Witch soles, a eg ae 1 Fe rH 4 Ses fab eG ed ey ee er Ok et) 4 
Common dabs, .| . | .{| 1) 1/ 2) -/-]-]-] .] A fe 4 
Lemon soles, Sr ores! Ree eR end da RN ge ak) MS Ma Bie eae gS ie eA | ae ae lv 
Long rough dabs, | 23 | 4} 2/} .j]./]. eure; ey a are : Oey Se ay ee 
Eumpenus, sp. ae er ee ee ee ee ed eae eee) Gee aed eee ee ey | a Cee 1 
eal 155 
| i | | eel 
@ Sixteen at 24, sixteen at 34 inches. b 23 inches. c One 33 inches. d Two at 33 inches. e Three at 23, 31 at 34 inches. 


f2}inches. g Two at 3} inches. h Thirty-one 2}, forty-one 3} inches. 7Sixteen 34 inches. j Two3}inches. k 3} inches. 
“Two at33 inches. m™ 2 inches. 2 One 29 inches. 0 Sixteen 2}, twelve 3} inches. p3}inches. gq One 23, two 3} inches, 
r 23 and 33 inches, 8 Four at 24, five at 3} inches. t 23 inches. uw 2% inches. v 35 inches. 
w Eleven at 13, four at 24, seventy-two at 34 inches. 
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TABLE C.—Recorp or OBSERVATIONS MADE ON Boarp THE ‘GARLAND’ puRING 1897. 


A. FISH CAUGHT (Shrimp Trawl)—VIII. Firru or CLyDE—continued. 


Station, ) Size In INCHEs, 


Date, and 
Time | Kind of Fish. Total. | 
Trawl 10 | 11 |:12 | 18 | 14] 15 | 16) 17] 38 20 | 21 | 28 | 25 


down. 


_—— 


‘Station 
> € 
| 1897. 
+ Apr. 28. | Thornback skate,| . ; ; s 3 : cae Tah gs ; . ‘ : ; ; 2 i . : 


‘30 minutes} Lemon soles, .| . : = é . 1 here . = . ; 1 Ee a . % a . > 
Common dabs, . | 14 | 21, 12 


— 
. 
. 


| Witeh soles, 5 | | |. | bee bee at es ee See 2 ee ee 
Long roughdabs, | 26| 5] . . F ‘ : * H . ° ‘ . 5 ‘ 
! Haddocks, . tts : 

Whitings, . 2 : : : : . - . 
| Gurnards, . 4 am pee i Cee Seely me Se ria) Bap, Foues, Sc o bas 2 Sel ale 


_—_ 
nN 
. 


Hake, . s ap a | wire a ‘o Be pe ee SP te a ° c. s 2 ee 
Angler, : : : ; A . : 
Brassies, . ‘] 

Dragonet, . : | Bare, at 
Four - bearded a ee J cl 
rockling, 


to 
_ 
sais wee . 
. 
. 
. 
\ we OE, TO en ew Se 


we BrwwceS1baw 


oe i 


mens 8 


| 
_ 


May 26. | Common dabs, 
30 minutes; Witch soles, : P 
_ | Longroughdabs, | 8 

Whitings, . heen | 
Poor cod, , 
Brassies, 
Gurnards, . SH ea 
Hake, . F : | i : ‘ 
Dragonet, . Pts : - : va} 
Gobius minutus, eae ee oe : : 
Lumpenus lam-| . | 6 

petreforms, | | 

: 

! 

/ 

: 


N 
or 
= ox 
~T 
_ 
Se 


fs 
nary 
Q 


“1 
" woe 
> eos ye 
Sgr Sule er. 


RAM wee 


o bv 


Four - bearded | 
rockling, 
Argentine, 


; 
; 
: 
| 
’ 


Sept. 27. | Hake, ‘ a 5 : Sh x Si: 
| 2.15 p.m. | Haddocks, . y ‘ ‘ e ‘ 
to Brassies, 

2.48 p.m. | Gobius minutus, 

, Gurnards, . 


ae 


| 
| Three - bearded 
__ rocklings, > | 
¥ 
| 
| 


Dragonets, 
Witch soles, 
Long rough dabs, 
Common dabs, 


ie) 
Te 
_ 


| 
| 
| 
| ae 
: 
| | 
| | 
) 
| | 
| | 
| | 
| | 


oo > 7 «@ 


| 
4 
i 
| 


| 


a Twenty-nine at 2}, twenty-nine at 3} inches. b Sixteen at 3h inches. c Oneat3hinches. d Bight at Oh, on at 34 inches. 
e3hinches. fThreeat3}inches. g 2}inches. A2sinches. t2hinches. 7 Six at on inches 
k Six at 1} inches, thirty-four at 3} inches. 
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M1 
TABLE C.—Recorp oF OBSERVATIONS MADE ON BoaRb THE 
i) ‘GARLAND’ DURING 1897. 
— B. INVERTEBRATE FAUNA, &c., IN THE TRAWL NET— 
: I, Moray FIRru. | 
} 2 yea Wee eed eso oWenda.te 
l 
4 Station : : : 
j ina Date. ORGANISMS CAPTURED. 
3 Se oe a ee ee ee eee a Oe Oe eee ee en ee See ee Se eee ee ee ; 
5 
i 1897. 
2 Station I. 
I June 9. | Hupagurus bernhardus, one ; Porcellana longicornis, one ; Galathea, sp., f., 
‘ 1 hour A sterias rubens, f.; Ophiocoma nigra, r.; Astropecten irregularis, one ; 
; 50 mins. Alcyoniwm digitatum, f.; sponge, r.; a small quantity of weed. 
Ml 
=] 
Nov. 8. | Ascidiella virginea, v. r. ; Ascidia, sp., f. ; Musus antiquus, one ; Buccinum 
4 2 hours. undatum, r.; Pecten opercularis, r., young ; Mytilus modiolus, f. ; 
ld Mytilus barbatus, r.; Anomia ephippium, xr. ; Portunus holsatus, one ; 
Ayas coarctatus, f.; Cancer pagurus, one ; Jnachus dorsettensis, v. Yr. ; 
Stenorhynchus rostratus, one; Nephrops norvegicus, two; Crangon 
1 allmant, v. r.; Eupagurus bernhardus, f. (with Hydractinia echinata) ; 
| Balanus hameri, r. ; Asterias rubens, r. ; Solaster endeca, one ; Solaster 
if papposa, one ; Sertularella rugosa, m. c. (on fronds of Laminaria) ; 
iy Sertularia abietina, v. r.; Hydractinia echinata, f.; Tubularia indivisa, 
| r.; a small quantity of Laminaria Fucus and other sea-weeds. 
j 
ih Station | 
4 Ik. | 
LD. June 9. | Ascidians, f.; Hupagurus bernhardus, r.; Galathea, sp., r.3; Asterias | 
= 2 hours. rubens, r.; Solaster papposa, one; Solaster endeca, one; Alcyoniwm 
i digitatum, com. ; a considerable quantity of weed. 
l 
i 
il | 
Nov. 5. ! Ascidiella virginea, f.; Ciona intestinalis, v. r.; Ascidia, sp. (2); few ' 
2 hours. Botryllus, sp. (%), v. vr. ; Botryloides rubrum, v. ry. ; Fusus antiquus, ¥. ; | 
i Buccinum undatum, v. vr. ; Helcion pellucidum, r. ; Turritella terebra, rv. 
i (dead); Fusus propinguus, one ; Plewrotoma, sp., r.; Nassa, sp. (?) oneras- 
i sata, v.r.; Saxcava rugosa, f.; Pholas crispata (boring in chunks of 
t| dead wood), m. c. ; Pecten opercularis, f. ; Dentaliwm entale, r. (with a 
7 sipunculid) ; Cyprina islandica, v. r. (dead); Cancer pagurus, two ;_ 
. Portunus holsatus, m. ¢. ; Hyas coarctatus, m. c. ; Inachus dorsettensis, — 
| r.; Stenorhynchus rostratus, two; Porcellana longicornis, m. ¢. 3 


Galathea nexa, v. vr. ; Galathea dispersa, m. c. ; Nephrops norvegicus, f. ; 
Eupagurus bernhardus, f.; Balanus hamert, f. ; Balanus, sp. (2) r. ; 

Echinus miliaris, r. ; A sterias rubens, c. (large) ; Solaster papposa, one ; 
Solaster endeca, one ; Ophiothrix fragilis, few ; Serpula vermicularis, f. ; 
Polynie squamata, f.; Polynée sp. (2) f.; Nereis pelagica, f.; Nereis 
sp. (2) f.; Flustra papyracea, f., and other Polyzoa ; Alcyoniwm digita- 
tum, c. (on stones and dead shells) ; Hydractinia echinata, f. ; Tubularia 
indwvisa, r. ; Actinoloba dianthus, one ; Sertularia abietina, r. ; Halecowm 

halecinum, r., and a few other Hydrozoa ; sponge, sp. (?), v. r. 


Station 
HII. 
June 14. | Some Buccinum spawn ; Modiola modiolus, r. ; Hyas araneus, r.; Hyas | 
1 hour coarctatus, r.; Hupagurus bernhardus, r. ; Solaster papposa, f. ; Spatan- 
10 mins. gus purpureus, f.; Echinus miliaris, r.; Echinus esculentus, f. ; 


Cucumaria (?) frondosa, fr. ; Alcyoniwm digitatum, f.; a considerable 
quantity of weed. 
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TABLE (C.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—I. Moray FirtH—continued. 


Station 
Sd tite. ORGANISMS CAPTURED. | 
' 1897. 
Nov. 6. | Ascidiella virginea, f.; Ascidia aspersa, f.; Ascidia depressa, one ; 
1 hour. Ascidia, sp. (?), f. ; Botryllus, sp. (?), r.; Buccinum undatwn, m. c. ; 
Fusus antiquus, one ; Capulus hungaricus, v. r.; Trochus miligranus, 
f.; Velutina levigata, r.; Turritella terebra, yr. (dead); Anomia 
ephippium, f.; Cyprina islandica (dead valves), f.: Pecten pusio, f. ; 


Pecten opercularis, f. ; Saxicava rugosa, f.; Nucula nitida, r.; Tellina 
balthica, v. r. (young) ; Mytilus modiolus, m.c.; Mytilus barbatus, f. ; 
Tapes pullastra, v. r. ; Fiona (?), sp. (2), one; Hyas coarctatus, m. ¢. ; 
Hyas araneus, r.; Stenorhynchus rostratus, r.; Nephrops norvegicus ; 
Carcinus menas, one; Portunus holsatus, one ; Eupagurus bernhardus, 
f.; Idotea tricuspidata, f.; Arcturus longicornis, v. r.; Echinus 
esculentus, f. ; Strongylocentrotus dréebachiensis, abdt. (and very fine 
specimen, a much depressed form); Echinus miiiaris, c. r. ; Asterias 
rubens, c.; Solaster papposa, v. y.; Solaster endeca, r.; Henricia 
sanguinolenta, one; Ophiothrix fragilis, f.; Ophiopholis aculeata, c. 
(fine) ; Cucumaria frondosa, three large specimens ; Cueumaria lactea {?), 
one; Tubularia indivisa, f.; Hydrallmania falcatu, r.° Sertularia 
abietina, abdt. (with Serpula and Discorbina) ; Plumularia pinnata, r., 
and other Hydroids ; Polyzoa, several species ; Alcyonium digitatwm, 
abdt.; Hydractinia echinata, m. c. ; Serpula triquetra, f. ; Serpula vermi- 
cularis, t.; Serpula reversa, f. ; Polynde squamata, f. ; Polynde, sp. (?), f.; 
Nereis pelagica, m.c. ; Nereis, sp. (?), f. ; Sponge, sp. (?), one specimen. 


Station 
IV. 

June 15. | Hyas coarctatus, f. ; Asterias rubens, com. ; Solaster papposa, f. ; Astro- 
2 hours pecten irregularis, one ; Aleyonidium, sp., f.; some zoophytes and a small 
5 mins. | Quantity of sea-weed. 

Nov. 11. | Eolis, sp., one; Mytilus modiolus, f.; Mytilus edulis, f. ; Circe minima, 
2 hours one ; Pecten opercularis (young), rare ; Portunus holsatus, m. c.; Hyas 
10 mins, | coarctatus, f.; Hyas araneus, one; Hippolyte, sp. (2), r. ; Eupagurus 


| bernhardus, one; LEchinocyamus pusillus, several; Polyzoa, several 
species ; Hydractinia echinata, f. 


Station V. 
June 15, | Eupagurus bernhardus, one; Asterias rubens, fr. ; Alcyonidiwm, sp., fF. ; 
2 hours sponges, f. ; zoophytes, f. ; a small quantity of sea-weed. 


: 
| 35 mins. 


Nov. 11. | Ascidiella virginea (?), abdt. (attached to dead shells) ; Zubularia indivisa, 
2 hours etc.; Fusus antiquus, r. (with Eupagurid) ; Buccinum undatum, r. ; 
35 mins. | Several colonies of the eggs of Buccinum ; Cardiwm echinatum, r. (dead) ; 

Cyprina islandicum (dead valves), r. ; Pecten opercularis, v. r. (young) ; 
| <Anomia ephippium, f.; Portunus holsatus, f.; Hyas coarctatus, v. Yr. ; 
_ Eupagurus bernhardus, f.; Nephrops norvegicus, one ; Idotea tiricuspi- 

_ data, f. ; Idotea, sp. (*), r.; Echinus esculentus, f. ; Solaster papposa, 
one ; Solaster endeca, f.; Ophiwra ciliaris, v. r. ; Serpula vermicularis, 
f.; Serpula triquetra, r.; Balanus hameri, f. ; Balanus, sp. (?), F. ; 
Polynée, sp. (*), f.; Tubularia indivisa, f.; Aleyonium digitatum (young 


| | colonies on Tubularia) ; Hydractinia echinata, m. c.; sponge, sp. (?), 
one. 
Shrimp | 
Trawl. \ / 
Nov. 11, Buccinum undatum, v. r.; Pecten opercularis, v. r. (young); Mytilus 
hour, —-modiolus, v. r.; Portunus holsatus, £.; Hyas coarctatus, f. ; Galathea 


intermedia Vv. x. ; Galathea, sp., v. r.; Hippolyte, sp. (2), v. vr. ; Eupagurus 
bernhardus, r.; Porcellana lonyicornis, f.; Serpula vermicularis, f. ; 
Flustra foliacea, m. c.; Flustra papyracea, r.; Lepralia, sp. (?) and 
other Polyzoa; Asterias rubens, r. ; Echinus esculentus, f£. ; Ophiothriz 
fragilis, f.; Tubularia indivisa, f.; Alcyonium digitatum, m.é. ; 
Hydractinia echinata, f. ; Amphidotus cordatus, one. 


SHE see) 2p ee 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—I. Moray FirtaH—continued. 


| 
Station 

ant Date. | ORGANISMS CAPTURED, 

| 1897. 

| Station — 

| Vi. 4 

June 15. Fusus antiquus, f.; Eupagurus bernhardus, r.; Asterias rubens, fr. ; 

lhour 45 ~— Solaster papposa, r.; Alcyonium digitatwm, f.; Alcyonidium, sp., ©. ; 
minutes. sponges, several specimens, 


l$ hours. _— islamdica, r. (dead valves) ; Solen pallucida, one ; Portunus holsatus, r. 
(with Sacculina carcini *); Hyas coarctatus, r.; Galathea dispersa, v. r.; 

Inachus dorsettensis, v. r.; Hupagurus bernhardus, f.; Asterias rubens, 

abdt. ; Solaster endeca ; Ophiura ciliaris, v. r. ; Echinus esculentus, f. ; 

Flustra papyracea, m. c., and other Polyzoa; Hydractinia echinata, 


| m. ¢. 
Station — 
Vis | 

June l0. Buccinuwm undatum (one or two large clusters of spawn) ; Eupagurus bern- 

2hours.  hardus, r.; Galathea, sp., r.; Astercas rubens, f. ; Solaster papposa, r. ; 


| Solaster endeca, r. ; Cucumaria (?) frondosa, one ; zoophytes, r. 


| 
Nov. 10. | Ascidiella virginea (?), c.; Hledone cirrosa, two ; Buccinum undatum (with 
1 hour 47 Pagurids), f.; Portunus holsatus, r. (with Saculina carcini); Hyas 
minutes. _ coarctatus ; Eupagurus bernhardus, f.; Hupagurus prideauxii, f. (with 
Adamsia palliata) ; Inachus dorsettensis, one ; Asterias rubens, c. (large) ; 
| Flustra papyracea, m, c., and other Polyzoa ; Serpula vermicularis, f. ; 
_ Serpula triquetra, v. r.; Priapulus caudatus, one; Tubularia indivisa, 
r. ; Sertularia argentea, v. r.; Alcyonium digitatum (young colonies on 
Tubularia indivisa), f. 


Shrimp | | 
| Trawl. | 
Nov. 10. Ascidiella virginea (?), c. ; EHledone cirrosa, three ; Buccinum undatum, r. 
| 3 hour. (with Pagurids) ; Fusus antiquus, one; Portunus holsatus, r. ; Inachus | 

dorsettensis, one; Hyas coarctatus (young), r.; Galathea nexa, one; | 
_  Nephrops norvegicus, f. (some carrying nearly ripe eggs); Hupagurus | 
|  bernhardus, f.; EHupagurus prideauxit, r.; Asterias rubens, r. ; Astro- 
_ pecten wreguiaris, one; Tubularia indivisa, f. ; Adamsia palliata, r. ; 
| Alcyonium digitatwm (a few colonies); Flustra papyracea, f.; Serpula 
| vermicularis. 
Station | 
Vuln, | 


June 10. | Hyas coarctatus, one; Hupagurus bernhardus, f.; Asterias rubens, f. ; 
lhour 54| Solaster papposa, r.; Solaster endeca, r.; Palmipes placenta, two ; Echinus 
minutes. | esculentus, one ; Cucwmaria (?) frondosa, two ; Alcyonium digitatum, f. ; 
| Actinoloba dianthus, fr. 


Noy. 9. , Ascidia mentula, v. r.; Ascidiella virginea {*) sp., abdt.; Polycarpa 

2hours.  — glomerata (?), two; Polycarpa, sp. (?), v. r.; Pleurotoma, sp. (2), r. 3 

_  Buceinum undatum, one; Archidoris johnstoni, v. r.; Fiona, sp. 

(marina *), one ; Cardiwm echinatum, r. (dead, with Ascidians attached) ; 

Portunus holsatus, one ; Galathea nexa, one; Galathea intermedia (?), 

v. r.; Hupagurus bernhardus, r.; Eupagurus (hie tahoe lh one; Eupa- 

gurus cuenensis, one in sponge (?), sp. (suberites *) ; Serpula vermicularis, 

f.; Nereis, sp. (?), f. ; Polynée, sp. (%), r.; Planarian, sp. ? (among 

_ Ascidia) ; Polyzoa, several species (?); Adamsia palliata, one ; Hydractinia 
| echinata, r. 


Station 
IX. 

| June 10. | Buceinum undatum, one; Fusus antiquus, one ; Fusus gracilis, one; 
| 1 hour 52 EHupagurus bernhardus, r.; Galathea, sp., f. ; Ascidians, f. ; Asterias 
_ minutes. rubens, f.; Leridia, sp. (a fragment) ; Astropecten irregularis, r.; Goniaster 
phrygianus, f.; Spatangus purpureus, fr. ; Echinus esculentus, one ; 
| Cucumaria (?) frondosa, two; Alcyonium digitatum, f.; Actinoloba 
| dianthus, r.; zoophytes, r. 


~ 


Nov. 10. | Ascidiella virginea (%), f.; Buccinum undatum, r. (dead); Cyprina | 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE 


‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—I. Moray Firta—continued. 


Station 
| and Date. 


1897. 
Nov. 9. 
| 2 hours. 


Shrimp 
Trawl. 
Nov. 9. 
+ hour. 


Station 
xX. 

| June LO. 

| 1 hour 52 

| minutes. 


| Nov. 8. 
| 135 hours. 


Station 
XI. 
June 11. 
1 hour 50 


minutes. 


Nov, 22. 
2 hours. 


ORGANISMS CAPTURED. 


mn a 


eggs); Hupagurus cuanensis, one (in sponge, Suberites, sp. !) ; Hupagurus 
bernhardus, f.; Hupagurus prideauxit, tf. ; Asterias rubens, f. (large) ; 
Adamsia palliata, f.; <Actinoloba dianthus ('), one; Pennatula phos- 
phorea, one; Alcyonium digitatum, v. r.; Helecium helecinum, one 
colony, and a few Polyzoa. 


Eledone cirrosa, one; Nephrops norvegicus, f. (some carrying nearly ripe | 


Eledone cirrosa, one ; Nephrops norvegicus, f. (some with eggs) ; Hupagurus — 


cuanensis (in sponge sp. ?), one; Hupagurus prideauxti, f, ; Hupagurus | 


bernhardus, f.; Asterias rubens, f., large ; Ophiura albida, one; Actino- 


loba dianthus (?), one ; Pennatula phosphorea, one; Heleziwm helecinum, 
r., and another Hydrozoa sp. (?); Mlustra papyracea, f., and a few other | 


Polyzoa, sp. ; Adamsia palliata, f. ; Hydractinia echinata, f. 


Ascidians, r.; Hupagurus bernhardus, r.; Eupagurus prideauxii (with 
Adamsia palliata), r.; Porcellana longicornis, f.; Asterias rubens, fr. ; | 


Solaster endeca, r.; Goniaster phrygianus, f.; Palmipes placenta, one; 
Astropecten irregularis, one ; Actinoloba dianthus, f. ; a small quantity 
of sea- weed. 


Ascidiella virginea, v. Y. ; Ascidia, sp. (?), f.; Fusus antiquus, one; Pecten | 


opercularis (young), v. r.; Stenorhynchus rostratus, one ; Inachus dorset- 
tensis, v. ¥.; Nephrops norvegicus, two; Portunus holsatus, one; | 
Eupagurus bernhardus, v. r.; Asterias rubens, one; Solaster papposa, | 


v. r.3 Pennatula phosphorea, one; <Actinoloba dianthus (?), one; 
Hydractinia echinata, v. y.; a quantity of Mucus was brought up in the 
trawl] at this station. 


Triton hombergi, one ; Pecten opercularis, one; Fusus antiquus, one ; 


Modiola modiolus, f.; Eupagurus bernhardus, y.; Asterias rubens, f. ; 


Echinus esculentus, f.; Cucwmaria (?) frondosa, several; Goniaster | 


phrygianus, f.; Spatangus purpureus, one ; Alcyonium digitatum, fr. ; 
zoophytes, f. 


Fusus islandicus, v. r. (with Eupagurid) ; Buccinum undatum, r. ; Pecten 
opercularis, f.; Anomia ephippium, f.; Cyprina islandica, valves (with 
boring sponge), r. ; Portwnus holsatus, f. ; Portunus depurator (?), one ; 
Hyas coarctatus, v. r.; Hyas araneus, one, 2 .; Inachus dorsettensis, f. ; 
Galathea dispersa, v. r. ; Galathea sp. (*), f.; Hupagurus prideauxit, r. ; 
Eupagurus bernhardus, f. ; Echinus esculentus, f. ; Spatangus purpureus, 
one; Cucumaria frondosa, one; Asterias rubens, f.; Solaster papposa, 
one; Ophiura ciliaris, one ; Ophiothrix fragilis, v. r. ; Serpula triquetra, 
f.; Serpula vermicularis, r. ; Flustra foliacea, rv. ; Flustra papyracea, f. ; 
Polynée, sp., r.; Membranipora pilosa, r., and other Pelyzoa ; Adamsia 
palliata, vr. ; Alcyonium digitatum, m. ¢. ; Hydractinia echinata, m. ¢. ; 
Sertularia pumila, v. rv. ; Sertularia abietina, vr. ; Halecium halecinum, r. ; 
Campanularia verticillata, c.; Halecium muricatum, f., and other 
Hydrozoa. 


} 


| 


Ascidiella virginea (?),m. c. ; Eledone cirrosa, one ; Sepiola atlantica, one ; | 
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TABLE C.—Recorp or OBSERVATIONS MADE ON BOARD THE 


‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—I. Moray Firra—continued. 


Station 
and Date. 


1897, . 
Shrimp 
Trawl, 
Nov. 22. 


| Station | 


XII. 
* June 11. 
1 hour 50 


| Nov. 22. 
| 2 hours. 


Station 
XI, 
June 11. 
1 hour 25 
minutes. 


38 minutes. 


minutes. 


ORGANISMS CAPTURED, 


Ascidiella virginea (?), f. ; Eledone cirrosa, two ; Sepiola atlantica (?), f. ; 


Fusus antiquus, one; Fusus islandicus, f. (dead, with Eupagurids) ; 
Trochus zizyphinus, m. c.; Buccinum undatum, m. c.; Natica alderi, 
v.r.; EHulima polita, one; Capulus hungaricus, v. r. ; Dentalium entale, 
v. r.; Mytilus modiolus, one; Pecten opercularis, f. ; Pecten tigrinus, 
one; Anomia ephippium, f.; Solen pellucidus, one ; Portunus holsatus, 
r.; Pandalus annulicornis, one; Hippolyte, sp. (2), one; Galathea dis- 


persa, one; Galathea intermedia, f.; Inachus dorsettensis, f.; Steno- | 


rhynchus rostratus, f.; Hyas coarctatus, v.r.; Hupagurus cuanensis, m. ¢.; 


Eupagurus prideauxi, r.; Hupagurus bernhardus, f.; Balanus hameri, | 
‘f.; Balanus balenoides, r.; Hchinus esculentus, f.; Strongylocentrotus 


droebachiensis, f., young ; Asterias rubens, r.; Solaster papposa, one ; 
Ophiothrix fragilis, f.; Ophiura ciliaris, one; Ophiura albida, one; 


Astropecten irregularis, one; Flustra foliacea, f. ; 


lustra papyracea, f.; 


Membranipora pilosa, r.; Membranipora membranacea, f.; Cellaria | 


Jistulosa, v. r., and other Polyzoa ; Serpula triquetra, f.; Serpula vermi- 
cularis, f.; Polynie squamata, r. ; Polynée, sp. (?), f. and several other 


Annelids ; Adamsia palliata, r.; Alcyonium digitatum, m. c.; Aydrac- | 
tenia echinata, m. c. ; Tubularia coronata, v. r. ; Hydralimania falcata, | 


m. c.3; Sertularia pumila, v. r.; Sertularia abietina, r.; Campanularia 
verticillata, m.c.; Haleciwm muricatum, f. and other Hydrozoa. 


| Pecten opercularis, one; Buccinum undatum, one (and one or two clusters 


of spawn) ; Fusus antiquus, one; Ascidians, r,; Hupagurus bernhardus, 
f.; Hupagurus (*) cuanensis (with accompanying sponge), r. ; Astropecten 
trregularis, r.; Hchinus esculentus, f.; Spatangus purpureus, r. ; 
Cucumaria (?) frondosa, f.; Alcyonium and Alcyonidium, several 


specimens, 


A scidiella virginea (*), f.; Fusus islandicus, f. (with Eupagurid) ; Buccinwm 


undatum, f. ; Pecten opercularis, f. ; Cyprina islandica (dead valves), t. ; 
Solen siliqua, one (dead) ; Saxicava rugosa, r.; Anomia ephippium, f. ; 
Tellina incurvata (?), one (dead) ; Mytilus modiolus, f. ; Mytilus edulis, 
v. r. (dead); Portunus holsatus, r. ; Portunus depurator, one ; Inachus 
dorsettensis, f.; Galathea intermedia, r.; Hupagurus prideauxii, f. ; 
Eupagurus bernhardus, f. ; Balanus hameri, r. ; Balanus balenoides, v. rt. ; 
Polynée, sp., and several other annelids ; Echinus esculentus, f.; cucu- 
maria frondosa, three very large specimens; <Asterias rubens, f. ; 


Hippasterias phrygiana, one ; Flustra foliacea, f.; Flustra papyracea, | 


m. c., and a few other Polyzoa; Adamsia palliata, f.; Alcyonium 
digitatum, c.; Hydractinia echinata, f.; Sertularia abietina, r. ; 
Hydralimania falcata, m. c.; Campanularia verticillata, m. c., and other 
Hydrozoa. 


A porrhais pes-pelicani, one ; Fusus antiquus, three ; Hupagurus bernhardus, 


f; Hupagurus prideauxii, r. ; Asterias rubens, f. ; Goniaster phrygianus, 
f. ; Echinus esculentus, com. ; Cucwmaria (*) frondosa, several. 


| 
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TABLE C.—Recorp oF OBSERVATIONS MADE ON-BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—I. Moray Firta—continued. 


eee ORGANISMS CAPTURED. 


1897. 
Nov. 20. | Ascidieila virginea (*), abdt. Ascidia, sp. (%), one; Sepiola atlantica, 
2 hours. two ; Dentalium entale, v. r. (dead); Pleurotoma rufa, v. r.; Natica 
alderi, one ; Cyprea Europea, one; Buccinum undatum, r.; Archidoris 
tuberculata, one ; Pecten opercularis, f. ; Pecten tigrinus,. v. r. ; Mytilus 
modiolus, f.; Saxicava rugosa, v. r.; Cyprina islandica (dead), one ; 
Cardium echinatum, r. (dead valves, with ascidians attached) ; Tellina 
crassa (valves), v. r. ; Portunus holsatus, r.; Portunus depwrator, one; 
Hyas coarctatus, f. (young) ; Galathea dispersa, v. r.; Galathea intermedia, 
r. ; Inachus dorsettensis, f. ; Stenorhynchus rostratus, f. ; Hippolyte, sp. 
(2), v. xv. 3 Hupagurus prideauxit, r. ; Hupagurus bernhardus, f. ; Serpula 
triquetra, m. c.; Serpula vermicularis, m. c. ; Polynée cirrata, v. r. ; 
Polynée, sp. (%), v. r.; Nereis virens (*), f.; Flustra foliacea, m. ec. ; 
Flustra papyracea, f.; Lepralia pallasina and several other Polyzoa ; 
Echinus esculentus, m. ce. ; Strongylocentrotus droebachiensis, r. (small) ; 
Spatangus purpureus, one ; Cucumaria frondosa, one ; Asterias rubens, 
f. ; Solaster endeca, one; Solaster papposa, one ; Hippasterias phrygiana, 
one ; Ophiopholis aculeata, v. r.; Ophiothrix fragilis, v. r. ; Adamsia 
palliata, rv. ; Alecyonium digitatum, abdt.; Tubularia coronata, v. yr. ; 
Tubularia indivisa (one colony); Antennularia ramosa (one colony) ; 
Antennularia antennina, f.; Hydralimania falcata, abdt. ; Plumularia 
pinnata, f.; Lofoea dumosa, f.; Campanularia verticillata, abdt., and 
several other Hydrozoa. 


Shrimp 

Trawl. 

Nov. 20. | Ascidiella virginea (*),f.; Eledone cirrosa, one; Buccinum undatum, r. 

+ hour, (with Eupagurids); Pecten opercularis, r.; Pecten tigrinus, v. ¥.; 
Cyprina islandica (valves), r. ; Hyas coarctatus, f..; Inachus dorsettensis, 
f.; Portunus holsatus, r.; Stenorhynchus rostratus, r.; Galathea dis- 
persa, one; Hupagurus bernhardus, r.; Astropecten irregularis, one ; 
Asterias rubens, one ; Ophiura ciliaris, one; Alcyonium digitatum, f. ; 
Thuiaria thuja, r.; Antennularia antennina, r.; Sertularia abietina, f. ; 
Hydralimania falcata, c. ; Flustra foliacea, m. c.; Flustra papyracea, 
r. ; Serpula triquetra, f. ; Serpula vermicularis, r., and also a few other 
Polyzoa and Hydrozoa. 


Station 
XIV. 
June ll. | Pecten opercularis, f.; Buccinum undatum, r.; Fusus antiquus, r.; 
1 hour 55 Ascidians, com.; Hupagurus bernhardus, r. ; Galathea, sp., r. ; Goniaster 
minutes. phrygianus, f.; Spatangus purpureus, f.; Echinus esculentus, r. ; Cucu- 
maria (?) frondosa, r. ; Aleyonium digitatum, f. ; zoophytes, r. 


Nov. 18. | Ascidiella virginea (?), abdt. (attached to Hydroids, dead shells, &c.) ; 
2 hours. Eledone cirrosa, one; Buccinum undatum, v. r.; Fusus gracilis, v. r. 
(with Eupagurus) ; Cardium echinatum, v. r. (dead) ; Cyprina islandica, 
r. (dead); Pecten opercularis, f. ; Pecten pusio, v. r. ; Pecten maximus, 
v.r.; Pectunculus glycimeris, v. r. ; Archidoris tuberculata, one; Archi- 
doris johnstoni, one; Solen pellucidus (valves), r.; Portunus holsatus, 
one; EKbalia bryerti, one; Inachus dorsettensis, f. ; Stenorhynchus 
rostratus, f.; Galathea dispersa, one; Galathea sp. (?), f.; Hupagurus 
| prideauxtt, v. r.; Hupagurus bernhardus, f. ; Serpula vermicularis, f. ; 
Serpula triquetra, f.; Nereis pelagica, f.; Polynée, sp. (*), f.; Lanies 
conchilega, one; Aphrodite aculeata, one; Hchinus esculentus, f. ; 
Asterias rubens, f.; Solaster papposa, one; Henricia sanguinolenta, f. ; 
Solaster endeca, one; Ophiothrix fragilis, f.; Ophiura albida, one; 
Flustra papyracea, m. c. ; Flustra foliacea, m. ¢. ; Hlustra securifrons (*) 
and several other Polyzoa, m. c. ; Adamsia palliata, v. r.; Hydractinia 
echinata, m. c.; Tubularia indivisa, v. r.; Tubularia coronata, f. ; 
Lafoea dumosa, f.; Halecium halecinum, f.; Plumularia pinnata, f. ; 
Halecinum plumosum (2), f. ; Halecinum muricatum, f.; Antennularia 
-antennina, r.; Hydrallmania falcata (abdt.) ; Sertularia abietina, v. r. ; 
Sertularella tenella (%), f. ; Campanularia verticilata (?), abdt., and other 
Hydrozoa ; sponge, sp. (?), a large branching specimen (Halichondria, 
sp. (?); Trichydra pudica (?) (one colony on dead shell of Cyprina 
islandica). 


of the Fishery Board for Scotland. 63 


TABLE C.—ReEcorD “oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c. —I. Moray Firra—continued. 


Station ORGANISMS CAPTURED. 
and Date. 
Station 
XV. 
June 1]. | Fusus antiquus, one ; Stenorhynchus, sp., one ; Eupagurus bernhardus, rv. 
1 hour 55 Ascidians, f. ; Astropecten irregularis, r.; Goniaster phrygianus, one; 
minutes. Spatangus purpureus, com.; Actinoloba dianthus, r.; zoophytes, f. 5 


sponge, one piece ; large Medusa, one. 


Nov. 25. | Ascidiella virginea ('), abdt. ; Ciona intestinalis, one ; Ascidia, sp. (2), few. 
2 hours. (The Ascidians were attached in great masses to the stems of Hydroids, 
dead shells, etc.) ; Hledone cirrosa, one; Fusus antiquus, v. r.; Buc- 
cinum undatum, f. (some with Eupagurids) ; Musus islandicus, r. (with 

Eupagurids) ; Natica alderi, v. r. ; Capulus hungaricus, v. r. ; Dentalium 

entale, v. r. ; Turritella terebra, v. r. (with Eupagurids) ; several colonies 

of the eggs of Buccinum undatum ; Cyprina islandica (one living, dead 

valves), m.c.; Tellina incarnata, one (several valves); Cardium 

echinatum (dead), m. c. ; Pecten opercularis, m. c. ; Anomia ephippium, 

f.; Petunculus glycimeris (valves), r.; Portunus holsatus, r.; Hyas 

coarctatus, m. c. (young); Lnachus dorsettensis, r.; Galathea dispersa, 

v. r.; Galathea, sp. (? intermedia), f. ; Eupagurus prideauxit, f.; Eupa- 

gurus bernhardus, m. ¢.; Balanus hamert, f. ; Balanus balenoides, yr. ; 

Saculina carcini (on Portunus holsatus), one; Nereis pelagica, v. rv. ; 

Polynée cirrata, f. ; Polynée, sp. (?), v. r., and several other Annelids ; 

Serpula triquetra, f. ; Serpula vermicularis, m. c.; Flustra papyracea, 

r.; Lepralia pallasiana, f.; Lepralia pilosa, f., and several other 

Polyzoa ; Echinus esculentus, f.; Spatangus purpureus, one; Echino- 

cardium cordatum (one living and several dead tests); Cucumaria 

frondosa, one; Asterias rubens, c.; Hippasterias phrygiana, two; 


Henricia sanguinolenta, one; Solaster papposa, one; Ophiothrix | 
fragilis, r. ; Adamsia palliata, f. ; Hydractinia echinata, f. ; Aleyonium | 


digitatum, abdt. ; Hydrallmania falcata, abdt. ; Halecitum halecinum, 
v. r.; Halecium muricatum, abdt.; Antennularia antennina, one 
colony ; Campanularia verticillata, abdt., and several other Hydrozoa. 


Station 


XVI. 
June 11. | Buccinwm spawn, a small quantity ; Lupagurus bernhardus, r.; Eupagurus 
1 hours. prideauxt, vr. ; Eupagurus (?) cuanensis (with accompanying sponge), 
r.; Ascidians, f.; Asterias rubens, fr. ; Solaster endeca, rv. ; Goniaster 
phrygianus, fr. ; Echinus esculentus, fr. ; zoophytes (lustra, &c.), f. ; 
sponge, r. ; Alcyoniwm digitatum, f. 
II. Frrtu oF CLypez. 
1897. 
Station 


I, ! 
April 5. | Pecten opercularis, f.; Buccinum undatum, one; Eupagurus prideauxii, — 


1% hours. f.; Asterias rubens, f.; Porania pulvillus, one; Echinus esculentus, f. ; 
sea anemones, r. 


May 25. | Pecten opercularis f.; Buccinum undatum, f.; Cyprina islandica, one ; 


———"—efv. oo ———  *" 


| 


| 
' 


13 hours. Hyas coarctatus, f.; Stenorhynchus, sp., f. ; Eupagurus prideaucit, r. ; | 


Asterias rubens, f. ; Solaster endeca, r. ; Porania pulvillus, f.; Spatangus 


| 


purpureus, f.; Echinus esculentus, fr. ; spawn of Buccinum, a few large | 


clusters ; a considerable quantity of weed. 
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TABLE C.—REcorD oF OBSERVATIONS MADE ON BOARD THE 


“GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—II. Firra or CrypE—continued. 


Station 
and Date. 


Station 
Ii. 
April 3. 


134 hours. 


May 19. 
13 hours. 


Sept. 14. 
9.15 a.m. 
to ll a.m. 


Station 
HII. 

April 2. 

a4 hours. 


ORGANISMS CAPTURED. 


ee eee ee ee 


Ascidia mentula, f.; Ascidiella virginea, r.; Trochus zizyphinus, r.; 


Trochus umbilicatus, f.; Trochus tumidus, f. ; Natica alderi, r.; Natica 
montacutt, r.; Pecten opercularis, ab.; Eolidia, sp.,r.; Anomia ephippium, 
m.c. ; Hyas coarctatus, f. ; Inachus dorynchus, v. r. ; Lithodes maia, r.; 
Eupagurus bernhardus, m. c. ; Eupagurus prideauxit, f. (with Adamsia 
palliata); Anapagurus levis, v. r.; Caridion gordoni, r.; Hippolyte 
varians, Vv. r.; Pandalus annulicornis, r. (young); Pandulus, sp., r. ; 
Galathea intermedia, r.; Eupagurus pubescens, v. r. ; Solaster papposa, 
r. ; Asterias rubens, f.; Asterias glacialis, one; Solaster endeca, v. r. ; 
Ophiothrix fragilis, f.; Porania pulvillus, f.; Echinus esculentus, c. ; 
Echinus miliaris, f. ; Sertularia abietina, m. c.; Antennularia ramosa, 
m. c.; Serpula triquetra, f. ; Serpula vermicularis, r. ; Lepralia foliacea, 
r.; Lepralia, sp., r.; Stematopora expansa, f.; Suberites jicus, r. ; 
sponge, sp., on Pecten opercularis, abdt. ; Carinella annulata, one. 


Pecten opercularis, f.; Cyprina islandica, one; Dosinia exoleta, one ; 


Gylophaga (in pieces of old wood), fr. ; Buccinum undatum (junr.), one ; 
Gibbula cineraria, r.; Lithodes maia, one; Eupagurus prideauxii, f. ; 
Ascidians, r; Asterias rubens, f. ; Luidia ciliaris, one; Porania pul- 
villus, one, f. ; Echinus esculentus, fr. ; Filograna implexa, small pieces : 
Sabella, sp., four (one with two specimens of the Copepod Sabelliphilus 
Sarst adhering to it) ; zoophytes, f. ; sea-weed, a considerable quantity. 


Pecten opercularis, f.; Gibbula cineraria; Buccinum undatum, r. ; 


Neptunea antiqua, r.; Eupagurus prideauaii, fr. ; Asterias rubens, fr. ; 
Asterias glacialis, one; Lwuidia ciliaris, v. r.; Solaster endeca, r. ; 
Porania pulvillus, r.; Echinus esculentus, fr. ; sea anemones, f. ; sea- 
weed, a considerable quantity. 


Ascidia mentula, abdt. ; Ascidia, sp., f.; Trochus tumidus, f.; Trochus 


magus, one; J. milligranus, f.; T. umbellicatus, f. ; T. zizyphinus, f. ; 
T. cinerarius, r. ; Buccinum undatum, r. ; Fusus gracilis, v. r. ; Lusus 


propinquus, v. r. (dead) ; Philine scabra, v. r. ; Chiton marmoreus, v. r.; | 


| 


Chiton ruber, r. ; Velutina levigata, r.; Cyprina islandica, v. r. (dead) ; | 
Pecten opercularis, r.; Pecten maximus, v. r.; Modiolaria marmorata, | 


m. ¢.; Hyas coarctatus, r.; Inachus dorynchus, r.; Stenorhynchus 
rostratus, v. r.; Cancer pagurus, v. r.; Portunus depurator, r.; 


Eupagurus bernhardus, r.; Galathea intermedia, f.; Nephrops norvegicus, | 


m. c.; Pandalus brevirostris, r.; Scapellum vulgare, v. r.; Balanus 
hameri, f.; Eupagurus prideauxii, abdt. ; Balanus levis, r.; Hippolyte, 


sp., r. ; Echinus esculentus, abdt. ; Echinus miliaris, f. ; Asterias rubens, | 


f. ; Asterias glacialis, r. ; Solaster papposa, r. ; Palmipes placenta, v. r. ; 
Imdia ciliaris, m. c.; Ophiothrix fragilis, f.; Serpula triquetra, c.; 
Serpula vermicularis, r.; Sabella pavonia, r. ; Sabella, sp., r.; Eunice, 


sp., r.; Nerevs pelagica, f. ; Nereis, sp., r.; Syllix tubifex, r.; Hermione | 


sp., r.; Polynée, sp. (?), r.; Flustra papyracea, m. c. (and other Polyzoa) ; 
Antennularia ramosa, r.; Hydrallmania faleuta, f. (and a few other 
Hydrozoa) ; a great quantity of Laminaria, Fucus, and other sea-weed 
came up in the trawl-bag, with a few Amphipods attached. 


Modiola modiolus, r.; Saxicava rugosa, one; Pecten opercularis, one ; Gib- 


bula cineraria, one; Zizyphinus miligranus, one ; Trivia ewropea, one; 
Buccinum undatum (junr.), f. ; Ascidians, f.; Stenorhynchus, sp., ¥. ; 
Hyas coarctatus, fr.; Portunus depurator, r.; Eupagurus bernhardus, 
one ; Galathea, sp., one; Nephrops norvegicus, fr. ; Hippolyte pandalt- 
formes, v. r.; Porania pulvilius, two; Echinus esculentus, f.; sea ane- 
mones, f.; sea-weed, a considerable quantity, mixed up among which were 
some zoophytes. 


ee EEE 
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TABLE C.—Recorp of OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—II. Firtu or CryvpE—continued, 


Station 
had Date. ORGANISMS CAPTURED. | 
1897. 

May 19. | Hyas coarctatus, f. ; Iithodes maia, one ; Nephrops norvegicus, f.; Echinus 
12 hours. esculentus, f. ; sea anemones, f. ; a quantity of weed. 

Sept. 18. | Ascidia mentula, f. ; Ascidiella virginea, r. (attached to Tubularia indi- 
4,45 p.m. visa) ; Isocardia cor. r. (dead); Loligo forbest (2), v. xr. 3; Rossia macro- 
to soma, r.; Anomia ephippium, m.c.; Anomia squamula (%), r. ; Pecten 
6.10 p.m. opercularis, r.; Mytilus barbatus, r.; Circe minima, v. r.; Saxicava 


rugosa, f. ; Lacuna, sp.,v. xr. ; Hulima polita, v. r.; Buccinum undatum, 
r. (young); Twrritella terebra, f. (dead). 


| Nephrops norvegicus, abdt. ; Portunus depurator, v. r. 2 ; Inachus dorset- 
| tensis, r. ; Inachus dorynchus, rv. ; Porania pulvillus, f. ; Luidia ciliaris, 
| v. r.; Asterias rubens, f.; Solaster endeca, f.; Ophiothrix fragilis, f. 
(young); Sabella pavonia, yr. ; Pectinaria belgica, v. r.; Actinia, sp., 
abdt. ; Stomphia churchic, r. ; Tubularia indivisa, c. ; Tubularia larynz, 
m. c. ; Sertularia abietina, r.; Thuiaria articularia, r.; Antennularia 
ramosa, r., and other Hydroids ; Hyperammina arborescens, on pieces of 
coal, r.; Deudrophaga erecta, on pieces of coal, v. r.; Planorbulina 
mediterranensis, c., on pieces of coal, c.; Zruncatulina lobatula, on 
pieces of coal, r. ; Discorbina rosacea, on Hydroids, m. e. 


Station 
IV. 
April 2. | Pecten opercularis, f. ; Rossia macrosoma, one ; Ascidians, several ; Inachus, 
4 hour. sp., one; Hupagurus prideauxti, one; Lithodes maia, one; <Asterias 
rubens, r.; Porania pulvillus, one; Echinus esculentus, fr. ; sea ane- 
mones, f. 


May 19. | Pecten opercularis, r.; Neptunea antiqua, one; Sepiola rondeletii, two ; 

4 hour. Hyas coarctatus, r.; Hupagurus prideauxii, f.; Stenorhynchus, sp., r. ; 
Lithodes maia, one (jun.) ; Nephrops norvegicus, r.; Asterias rubens, r. ; 
Solaster papposa, r.; Porania pulvillus, r.; Palmipes placenta, one ; 
Brissopsis lyrifera, one ; zoophytes and sponge, r. ; a small quantity of 
weed. 


Sept. 13. | Ascidia depressa (2), r. ; Sepiola rondeletii, v. r. ; Loligo forbesi, v. r. ; Pec- 


3.5 p.m. ten opercularis, abdt, (with sponge, sp. ?); Cyprina islandica, v. 1. (dead); 
to Anomia ephippium, f.; Anomia patelliforms, r. ; Pecten tigrinus, v. r. 5 
3.45 p.m. Mytilus barbatus, r.; Tectura fulva, r.; Lithodes maia, m. c. ; Cancer 


pagurus, rv. ; Nephrops norvegicus, f. ; Portunus depurator, v. r.; iiachus 
dorynchus, r.; Anapagurus levis, v. r.; Amphipods, few of several 
species ; Asterias rubens, f.; Parania pulvillus, v. r. ; Solaster endeca, 
v. r.; Echinus esculentus, f.; Ophiothrix fragilis, f. (young); Serpula 
vermicularis, r. 3 Sabella bicoronata, r. ; Pectenaria belgica, r. ; Aphrodite 
aculeata, v. vr. ; Hermione hystrix, v. r. ; Sabella, sp., and a few other 
worms ; Sertularia abietina, r.; Sertularia argentea, v. r.; Antennularia 
antennina, r.; Aglophenia pluma, v. r. ; Hyperammina arborescens, m. 
c., on clinkers ; a quantity of Laminaria came up in the trawl. 


Station 


Vv. 
April 21. | Pecten opercularis, f.; Ascidians, f.; Lithodes maia, two; Hupagurus 
1,5 hours.) prideauxii, f. ; Nephrops norvegicus, one ; Asterias rubens, r. ; Stichaster 
roseus, one ; Porania pulvillus, one ; sea anemones and hydroid zoophytes, 
r. 3 Cyprina islandica, two. 


May 20. | Scheurgus cirrhosa, one; Pecten opercularis, f.; Scaphander lignarius, 

$3 hour. one ; Ascidians, f. ; Hyas coarctatus, one ; Lithodes maia, one ; EHwpa- 
gurus prideauxit, f.; Asterias rubens, f. ; Astropecten irregularis, one: 
Filograna implexa, f.; sea anemone, one; Echinus esculentus, c.; a 
quantity of weed. 


oe 
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TABLE C.—RegcorD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. a 


B. INVERTEBRATE FAUNA, &c.—II. Firta or ChypE—continued, 


: Station | 


ORGANISMS CAPTURED. 
|}and Date. 


C—O eee eee Oe eee 


Sept. 24. | Ascidia mentula, abdt. ; Ascidiella virginea, r. ; Ascidia, sp. (?), r. ; Octo- 
(10.40a.m.| pus vulgaris, v. r.; Trochus wmbilicatus, f.; T. twmidus, r.; T. mille- 
| granus, f.; T. cinerarius, r.; Emarginula rosea, v. r. ; Helcion pellu- 
|  didum, f.; Thracia, sp., r. ; Lutrania elliptica, v. r. (dead) ; egg capsules 
| | of Fucus antiquus, m. ¢. (living, immature); Mactra elliptica, v.r. ; Venus 
| exoleta, v. r. ; Pecten opercularis, abdt. ; Linea hians and nests, f., young 
| (nest built of the dead fronds of Laminaria, ete.) ; Cardium echinatum, 
v. r. (dead); Cardiwm fasciatum, v. r.; Modiolaria marmorata, c., in 
Ascidia mentula; Anomia ephippium, c., on P. opercularis; Anomia 
patelliformis, v. r.; Pecten tigrinus, r.; Pecten, sp. ; Saxicava rugosa, 
f. ; Pecten pusio, r. ; Circe minima, v. r. ; Hyas coarctatus, f. ; Cancer 
) _ pagurus, three ? ; Galathea dispersa, f.; Pandulus annulicornis, f. ; 
. Hippolyte securifrons, v. r.; HEupagurus bernhardus, r.; Eupagurus 
pubescens, v. r.; Eupagurus prideaucxii, f.; Echinus esculentus, abdt. ; 
) Echinus miliaris, r. ; Asterias rubens, f. ; Asterias glacialis, v. r. ; Sola- 
| ster endeca, r. ; Solaster papposa, r. ; Porania pulviilus, f. ; Luidia cili- 
aris, Vv. Y.; Henricia sanguinolenta, v. r.; Ophiopholis aculeata, r. ; 
Ophiocoma nigra, v. xr. (young) ; Ophiothrix fragilis (young), r.; Fili- 
grana implexa, f.; Sabella pavonia, f. (young); Sabella, sp. (?), r. ; Ser- 
pula triquetra, m. c. ; Serpula vermicularis, c. ; Serpula reversa, Vv. TY. ; 
Terebella nebulosa (?), r. ; Sabellaria, sp. (2), f. ; Polynée reticulata, r. ; 
Polynée, sp. (2), r.; Nereis pelagica, f., and several other Annelids ; 
Cellaria fistulosa, f.; Membranipora\ membranacea, f.; Lepralia foliacea, 
f., and other Polyzoa; Adamsia palliata, f. ; Actinia, sp. (?),f. ; Sertu- 
laria abietina, r.; Hydractinia echinata, v. r.; Hydrallmania falcata, 
r. ; Antennularia antennina, rT. 


Station 


April 5. | Pecten opercularis, r.; Neptunea antiqua, r.; Doris (*) johnstoni, one; 

2 hours. Hyas coarctatus, one; Eupagurus bernhardus, r.; Eupagurus prideauxit 
(with accompanying Adamsia), f. ; Eupagwrus cuanensis (with enclosing 
sponge), f. ; Asterias rubens, f.; Parania pulvillus, one ; Echinus escu- 
lentus, fr. ; Aleyoniwm digitatum, v. r.; Hydroid zoophytes, f. ; Rhizo- 
cit 9 (large, with a number of Hyperia inside), one ; a small quantity of 
weed. 


May 25. | Pecten opercularis, f.; Stenorhynchus, sp., f.; Eupagurus prideauaxii, f. ; 
lit hours.| Asterias rubens, f.; Solaster papposa, one ; Solaster endeca, one ; Porania 
pulvillus, f. ; Spatangus purpureus, fr. ; Cucumaria, sp., one ; Aphrodite 

aculeata, one ; Sea anemones, r. ; some zoophytes and weed. 


Sept. 15. | Ascidia, sp., r.; Fusus gracilis, r. (dead); Buccinwm undatum, r. ; Turri- 
8.35 a.m. tella terebra, m. c. (with Actinia, 2 %); Pecten opercularis, c. (with 
to sponge) ; Cancer pagurus, two 2 ; Hyas coarctatus, f. ; Inachus doryn- 
(10.35 a.m. chus, r. ; Hupagurus bernhardus, f.; Eupagurus prideauzit, c.; Pandalus 
annulicornis (young), f. ; Pandalus brevirostris (?), r. ; Spatangus pur- 
pureus, r. ; Echinus esculentus, m. c. ; Asterias rubens, f. (large, with 
ova) ; Astropecten irregularis, v. r. ; Porania pulvillus, f.; Ophiothrix 
fragilis, f. (young) ; Serpula triquetra, m. c.; Sabella, sp., r.; Flustra 

papyracea, abdt. ; Perella, sp. (?), and several other Polyzoa. 
Sertularia abietina, r.; Antennularia ramosa, m. c.; Campanularia flexuosa 
(2) 5 apODESS, sp. (2), several, with a quantity of Laminaria, Fucus, and 

other w f 


Apr. 26-27., Pecten opercularis, r. ; Stenorhynchus, sp., r.; Nephrops norvegicus, fr. ; 
1? hours, Astervas rubens, f. 


April 27. |Pecten opercularis, r. ; Eupagurus prideaucxii, £.; Ne phrops norvegicus, c. ; 
1? hours. Asterias rubens, r. ; Asterias glacialis, one; Astropecten irregularis, oue ; 
Porania pulvillus, r. > 
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TABLE C.—Regcorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897, 


B. INVERTEBRATE FAUNA, &c.—II. Fiera or Crype—continued. : 


ga | ORGANISMS CAPTURED. | 
| — i 
1897. . 
May 17. | Eupagurus prideauxti, two; Nephrops norvegicus, f. ; Asterias rubens, f. ; 
1? hours. uidia ciliaris, one; Brissopsis lyrifera, f. ; Aphrodite aculeata, one. 
May 21. | Pecten opercularis, r.; Eupagurus bernhardus, r.; Nephrops norvegicus, 
18 hours. fr. ; Asterias rubens, r.; Porania pulvillus, r.; Aphrodite aculeata, one. 
Sept. 29. | Fusus antiquus, r. ; Fusus gracilis, r. 3 Ascidia, sp. (2), r. ; Pecten opercu- 
11.5 a.m. laris, m. c.; Anoinia ephippium, f.; Pecten tigrinus, v. r. ; Cardiwm 
to fasciatum, v. r. ; Cardium nodosum, v. r. ; Cardiwm echinatum, r. (dead) ; 
1.43 p.m. Saxicava rugosa, f.; Inachus dorynchus, r.; Hyas coarctatus, r. ; 
Nephrops norvegicus, f.; Crangon allmani, f.; Hupagurus pubescens, v. r.; 
Eupagurus prideauati, v. r.; Asterias rubens, r.; Luidia ciliaris, v. r. ; 
Solaster endeca, v. r.; Solaster papposa, v. r.; Echinus esculentus, f. ; 
Spatangurus purpureus, v. r.; Ophiothria fragilis, r.; Ophiura albida, 
v. r. 3 Aphrodite aculeata, v. r.. 3 Serpula triquetra, r. ; Serpula vermicu- 
laris, f.; Stromphia churchie, r.; Alcyonium digitatum, m. c.; Tubularia 
indivisa, f. ; Adamsia palliata. 
Night 
Trawl 
Sept. 29. | Cancer pagurus (2), three ; Nephrops norvegicus, abdt.; Eupagurus 
7.10 p.m. bernhardus, v. r.; Hupagurus prideawari, v. r.; Balanus hameri, f. ; 
to Brissopsis lyrifera, f£.; Asterias rubens, r.; Asterias glacialis, v. r. ; 
9.5. p.m. Solaster papposa, r.; Antennularia ramosa, f.; Antennularia antennina, 
r.; Aglophenia myriophyllum,.v. r.; Hydrallmania falcata, vr. ; Sertu- 
laria pumila, r.; Sertularia abietina, f.; Sertularia argentea, f. ; 
| Sertularia operculata, v. r.; Thuiaria articulata, v. r.; Virgularia 
mirabilis, one; Pennatula phosphorea, one; Sarcodictyon catenata ; 
Suberites demuncula, one; Hyporammina arborescens, f. (on fronds of 
Hydrozoa) ; Astrorhiza limicola, one; Textularia saggitula, f.; Textularia 
agglutinans, f. ; Discorbina rosacea, f., and Truncatulina lobatula, f., 
with Planorbulina mediterranensis, f., all living on Hydrozoa. 
Station 
Vill. 
April 26. | Nephrops norvegicus, f£.; Asterias rubens, r.; Luidia ciliaris, one ; 
12 hours. Brissopsis lyrifera, c.; Aphrodite aculeata, one; a small quantity of 
(Night sea-weed. 
haul.) 


April 27. | Neptunea antiqua, one; Nephrops norvegicus, c.; Brissopsis lyrifera, 
12 hours. several. 


May 17. | Nephrops norvegicus, f.; Asterias rubens, one; Palmipes placenta, three ; 
1} hours.| chinus esculentus, one ; Brissopsis lyrifera, r.; Aphrodite aculeata, 
one ; a small quantity of weed. 


May 20. | Nephrops norvegicus, f.; Asterias rubens, f.; Palmipes placenta, one ; 
| 18 hours. Brissopsis lyrifera, f. ; a small quantity of weed. 


68 


Part I1I,—Siateenth Annual Report 


TABLE C.—Rzgcorp oF OBSERVATIONS MADE ON BOARD THE 


‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—II. Fintu or CrypE—continued. 


Station 
and Date. 


1897. 

Night 

Trawl. 
Sept. 29. 
10.30p. m. 


to 
12.20 a.m. 


Station 
XIX. 
Apr. 22. 
18 hours. 


May 17. 
18 hours. 


3.30 p.m. 


|station X. 
April 28 
18 hours. 


Sept. 15. 
11.55 a.m. 


Station 


ce | a re ee ee ES 


to 
1.45 p.m. | 


ORGANISMS CAPTURED. 


Ascidia mentula, r. ; Polycarpa rustica, v. r.; Ciona intestinalis (2), v. r. 5 
Turritella terebra, v. r. (dead) ; Micula sulcata, £.; Pecten opercularis, r. ; 
Pecten tigrinus, v. r.; Saxicava rugosa, f.; Anomia ephippium, f. ; 
Leda minuta, v. r.; Portunus depurator, v. r.; Hyas coarctatus, r. ; 
Inachus dorynchus, f. ; Stenorhynchus rostratus, £. ; Cancer pagurus (@ ), 
three ; Nephrops norvegicus, c.; Pandalus annulicornis, f. ; Crangon 
allmani, f. ; Crangon spinosus, r. ; Crangon echinulatus, v. r.; Galathea 
dispersa, r.; Galathea intermedia, v. r. ; Eupagurus pubescens, v. r. 3 
Eupagurus bernhardus, v. r.; Anapagurus levis, r.; Balanus hameri, 
v. r.; Balanus levis, v. r. ; Scapellum vulgare, v. r. ; Asterias rubens, r.; 
Luidia ciliaris, v. xr; Palmipes placenta, r. ; Brissopsis lyrifera, f. ; 
Thyone raphanus, v.r.; Amphiura chiaji, v. r.; Amphiura filiformis, 
r. ; Aphrodite aculeata, v. r.; Sabella pavonia, r.; Hermione hystria, 
v. r.; Pectinaria belgica, r. ; Serpula triquetra, v. r. ; Serpula reversa (°), 
r. 3 Echiurus (?), sp. (?), v. r.; Sipinculus (*), sp. (2), r. 3 Pennatula 
phosphorea, m. ¢.; Sertularia abietina, f.; Sertularia pumila, r. ; 
Antennularia ramosa, c.; Antennularia antennina, f.; Aglaophenia 
myriophyllum, v. x. ; Alcyonidiwm gelatinosum, v. r. 


Neptunea antiqua, one ; Nephrops norvegicus, c. ; Lepiophtheirus caudatus 
(from thornback skate), ; a small quantity of weed. 


Nephrops norvegicus, f. ; Palmipes placenta, one ; Aphrodite aculeata, one ; 
Pontobdella muricata, one ; some zoophytes and sea-weed. 


Sepiola rondelettii, r.; NMephrops norvegicus in great abundance; Hyas 
coarctatus, f. ; Inachus dorynchus, r.; Echinus esculentus, r. (young) ; 
Asterias rubens, r. ; Luidia ciliaris, v. r.; Antennularia ramosa, m. ¢.; 
Sertularia argentea. 


Tritonia hombergi, one; Hyas coarctatus, one; Eupagurus prideauxit, 
one; Nephrops norvegicus, f. ; Asterias rubens, several; Porania pul- 
villus, two; Hchinus esculentus, f. ; some sea-weed. 


Cyprina islandica, one; Eupagurus bernhardus, v.; Asterias rubens, f. ; 
Asterias glacialis, r. ; Echinus esculentus,r.; Porania pulvillus, f. ; sea 


anemones, r. 


Ascidia mentula, vr. ; Ascidia depressa, v. x. ; Eledone cirrosa, one; Fusus 
propinquus, v.r.; Turritella terebra, c. (with Actinia, sp. ?); Fusus 
gracilis, v, r. (dead, with Pagurids) ; Lucina borealis, v. r.; Gonoplax 
unguiata, one ; Portunus depurator, f. ; Inachus dorynchus, f. ; Steno- 
rhynchus longirostris, r.; Nephrops norvegicus, c.; Hupagurus prideauati, 
c. ; Hupagurus cuanensis, v. r.; Galathea dispersa, r. ; Stenorhynchus 
rostratus, r.; Balanus hameri, f.; Solaster papposa, f. ; Asterias rubens, 
f. (with ova); Hchinus esculentus, £.; Ophiwra ciliaris, r.; Ophiothria 
Jragilis, f. (young); Adamsia palliata, c. ; Pennatula phosphorea, r. ; 
Alcyonium digitatum, r.; Antennularia ramosa, c. ; Halecium halecinum, 
f. ; Sertularia pumila, r.; S. abietina, f.; S. argentea, v. r.; Hydrall- 
mania falcata, f.; Antennularia antennina, f.; Aglaophenia pluma, v. r.; 
Plumularia pinnata (2), r.; Lepralia foliacea, r. ; Cellepora pumicosa, r. ; 
Cellepora ramulosa, v. r. ; Cellepora armata, v. r. ; Porella compressa, f., 
and other Polyzoa. 


XI. 
April 21. | Botryllus spawn, r. ; Nephrops norvegicus, abdt. ; Asterias glacialis, one ; 


3 ‘ 
1? hours. 


Porania pulvillus, r.; Echinus esculentus, r.; Brissopsis lyrifera, several; 
a quantity of sea-weed. 
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TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BoaRD THE 


‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—II. Firru oF CLiyDE—continued. 


Station 


and Date, 


1897. 
May 20. 
1? hours. 


Sept. 27. 


10.30 a.m, 
to 
12.25 p.m. 


Station 
XII. 

April 21. 

275 hours. 


April 28, 

2 hours. 
(Night 
haul.) 


May 20. 
2 hours. 


May 26. 
2 hours. 
(Night 

haul.) 


Sept. 24. 
1.55 p.m. 


to 
3.55 p.m. 


Night 
Trawl. 
Sept. 27. 


9.30 p.m. 
to 
11.80 p.m. 


. Portunus depurator, one; Nephrops norvegicus, abdt. ; Asterias rubens, r.; 


ORGANISMS CAPTURED. 


Neptunea antiqua, one; Nephrops norvegicus, f.; Asterias rubens, f. ; 
Solaster papposa, one; Porania pulvillus, r.; Echinus esculentus, f.; 
Brissopsis lyrvfera, r. ; a considerable quantity of weed. 


Ascidia mentula, v. r.; Ascidia, sp (2), r.3; Octopus vulgaris, v. r. ; 
Fusus antiquus, v. r.; Natica montagut, r. (dead, with Pagurid and 
Hydractinia) ; Anomia ephippium, m. e¢.; Echinus esculentus, v. r. 3 
Asterias rubens, f.; Porama ptlvillus, r.; Ophiothrix fragilis, f.; 
Galathea dispersa, r.; Filigrana implexa; Serpula vermicularis, f. A 
considerable quantity of Laminaria, Fucus, and other sea-weeds came up 
in the trawl, also an old pail covered more or less with Anomia 
ephippium, Serpula vermicularis, and a few young Ophiothria fragilis. 


Nephrops norvegicus, abdt. 


Brissopsis lyrifera, f.; Rhizostoma, sp., one; Aglaophenia, sp., Vv. T.3 a 
small quantity of sea-weed. 


Nephrops norvegicus, fr. ; Galathea, sp., £.4; Sepiola rondeletii, f.; Asterias 
rubens, f. ; Brissopsis lyrifera, f. ; zoophytes, f. ; a small quantity of sea- 
weed. 


Munida rugosa, one; Nephrops norvegicus, abdt.; Brissopsis lyrifera, 
v. r. ; zoophytes and weed, f. 


Rossia macrosoma, vr. ; Eledone cirrosa, v. r.; Cyprina islandica, f. (living) ; 
Isocardia cor., one (living) ; Natica montagui, r.; Nucula sulcata, f. 3 
Nephrops norvegicus, very abdt. ; Portunus depurator, r.; Pandalus 
annulicornis, f.; Crangon alimania, f. ; Galathea dispersa, f. ; Steno- 
rhynchus rostratus, r.; Hupagurus prideauxit, r. ; Lupagurus pubescens, 
v.r.; Anapagurus levis, v. r.; Brissopsis lyrifera, f. ; Sabella, sp. (?), 
v. r.3 Aglaophenia myriophyllum, r.; Pennatula phosphorea, v. vr. ; 
Adamsia palliata, r. ; a little sea-weed and a quantity of grey mud came 
up in this trawl. 


Little beside the fish came up in the trawl—a small quantity of mud and 
the following animals :—Rossia macrosoma, two; Fusus antiquus, one 
(young); Nephrops norvegicus, f. ; Brissopsis lyrifera, f., and Pennatula 
phosphorea, tew. 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—III. Ciypr (Locu Fyne). 


Aes ORGANISMS CAPTURED, 


1897. 
Station 
XIII. 
March 30.| Pecten opercularis, f.; Modiola modiolus, one; Gibbula cineraria, f. ; 
174 hours. spawn of Buccinum undatum, one cluster ; Ascidians, f. ; Hyas araneus, 
f. ; Hyas coarctatus, one ; Galathea, sp., f.; Eupagurus prideauxii, f. ; 
Asterias rubens, fr. ; Solaster papposa, f. ; Ophiocoma nigra, f. ; Echinus 
esculentus, f. 


May 27. | Pecten opercularis, fr. ; Pecten striatus, one ; Zizyphinus millegranus, f. ; 

1,4; hours. Gibbula cineraria, f.; Tectura virginea, v. r.; Hyas araneus, f. ; Eupa- 
gurus bernhardus, one; Eupagurus prideauxii, f. ; Galathea squamifera, 
v.r. ; Asterias rubens, f. ; Ophiura texturata, fr. ; Ophiocoma nigra, f. ; 
eR f. ; Echinus esculentus, fr.; sea anemones, f. ; some 
sea-weed, 


Oct. 11. | Ascidia mentula, f.; Ascidiella virginea, v. r.; Ciona intestinalis, r. ; 
11.10a.m. Styelopsis grossularis, v. r.; Fusus antiquus, v. r.; Sipho (Fusus) 
to gracilis, v. r.; Aporrhias pes-pelicani, r.; Gibbula (Trochus) tumida, r.; 
12.20 p.m. Zizyphinus (Trochus) milligranus, f.; Gibbula (Trochus) umbilicata, 
f. ; Zizyphinus (Trochus) zizyphinus, ¢c. ; Pecten opercularis, abdt. (and 
young on fronds of Laminaria); Pecten tigrinus, v. r.; Cypeina islandica 
(dead shells), v. r.; Modiolaria discors, ¢. (on roots of Laminaria) ; 
Cancer pagurus, two (6 and ?); Hyas araneus, f. ; Hyas coarctatus, 
v. r.; Portunus puber, v. r. ; Inachus dorsettensis, v. r. ; Nephrops nor- 
vegicus, v. r.; Galathea dispersa, f.; Galathea intermedia, v. r.; Pandalus 
brevirostris, f.; Pandalus annulicornis, r.; Spirontocanis (Hippolyte) 
securifrons, Vv. r.; Eupagurus prideauxii, f. ; Hupagurus pubescens, Yr. ; 
Eupagurus bernhardus, v. r.; Echinus esculentus, abdt. (young); Echinus 
miliaris, f.; Asterias rubens, c.; Solaster papposa, v. r.; Ophiothrix 
Fragilis, abdt. and fine ; Ophiocoma nigra, f. ; Henricia sanguinolenta (*), 
v. 1. ; Stomphia churchie, v.r. ; Bolocera tuediow, f. ; Adamsia palliata, 
f ; Suberites domuncula, r. ; sponge, sp. ? (on Pecten opercularis), m. c¢. ; 
Nucula tenuis, one; Pelosina variabilis, f. 


Station 

XIV. 
March 30.| Pecten opercularis, f.; Gibbula cineraria, f. ; Buccinum undatum, one ; 
12 hours. fHyas coarctatus, vr. ; Eupagurus prideauxii, £.; Asterias rubens, one ; 


Ophiura texturata, f. ; Ophiocoma nigra, f. ; Ophiopholis aculeata, f. ; 
Solaster papposa, one ; Hchinus esculentus, f. ; Alcyonium digitatum, f. ; 
sea anemones, f. 


May 27. | Pecten opercularis, f. ; Sepiola rondeletii, r.; Hupagurus prideauaii, f. ; 

12 hours. Asterias rubens, f. ; Ophiura texturata, f. ; Ophiocoma nigra, f. ; Solaster 
Pappost f.; Hchinus esculentus, f. ; sea anemones, f. ; a quantity of sea- 
weed. 


Oct. 11. | Rossia macrosoma, one ; Fusus antiquus, v. xr. ; Buccinum undatum, r. ; 


| 2 45 p.m. Trochus milligranus, £.; Trochus ziziphinus, f. ; Trochus tumidus, r. ; 
| to Fusus islandicus, v. r.; Lucuna puteolus, v. r.; Littorina litorea, rv. 
| 2.55 p.m. (dead, with Pagurids) ; 7’rochus wmbilicata, m. c. (on Laminaria fronds) ; 


Velutina levigata, f. ; Trichotropis borealis, v. xr. ; Trophon truncatus, 
v. r. ; Pecten opercularis, c.; Cyprina islandica (dead valves), r.; Saav- 
cava rugosa, r.; Modiolaria discors, f. (at the roots of Laminaria) ; 
Cancer pagurus, three 2 (?); Pandulus annulicornis, r.; Pandulus | 
brevirostris (°), f. ; Echinus esculentus, abdt. (young) ; Asterias rubens, 
f.; Ophiothrix fragilis, m. c. ; Ophiocoma nigra, r.; Balanus hameri, 
m. c. (on P. opercularis) ; Serpula triquetra, m. c. ; Serpula vermicularis, 

‘m.c. ; Filigrana implexa, r.; Sabella, sp. () r.; Neomenia carinata, v. r.; 
Hyalinecea tubicola, v. r. ; Nereis pelagica, f. (at roots of Laminaria) ; 
Chetopterus variopedatus, v. r. (in valves of Cyprina islandica) ; sponge, 
sp. (), (on P. opercularis), m, c. ; Ophiura ciliaris, f. 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE 


‘GARLAND’ DURING 1897. 


B. INVERTEBRATE FAUNA, &c.—III. Crypr (Locu Fyne)—continued. 


Station 
and Date. 


1897. 
Station 
Xv. 
March 30. 


1; hours. 


May 27. 
1 hours, 


Station 
' XVI, 
March 29, 

24 hours, 


May 28. 
22 hours. 


Station 
XVII, 
March 29. 
15 hours. 


May 28. 
14 hours, 


Oct. 6. 
9.10a.m. 


to 
10.40 a.m. 


ORGANISMS CAPTURED, 


Pecten opercularis, f.; Velutina levigata, one; Gibbula cineraria, f. ; 
Eupagurus prideauxii, f.; Hupagurus bernhardus, one ; Lithodes maia, 
two; Bolocera tuedie, f. ; Asterias rubens, one. 


Pecten opercularis, f.; Pecten striatus, one; Hupagurus prideauxi, f. ; 
Ophiura texturata, f.; Ophiocoma nigra, f.; Echinus esculentus, f. ; 
Bolocera tuedice, f. ; a small quantity of weed. 


Eggs of Rossia macrosoma ; Archidoris johnstoni, v. r.; Fusus antiquus, r. 
(dead) ; Buccinum undatum, v. xr. (dead); Trochus milligranus, f. ; Tro- 
chus zizyphinus, r.; Cardium echinatum, r. (dead) ; Pecten septem-radia- 
tus, r.; Pecten opercularis, f. (young) ; Lithodes maia, f. 2 (with nearly 
ripe eggs); Carcinus menas, r. (with Sacculina carcina); Nephrops nor- 
vegicus, r.; Galathea dispersa, r.; Eupagurus prideauxii, f.; Hupa- 
gurus bernhardus, v.r. ; Echinus esculentus, f. (young) ; Hchinus miliaris, 
v.1r.; Asterias rubens, f.; Aphrodite aculeata, v. r. ; Serpula triquetra, 
f.; Serpula vermicularis, f.; Sabella, sp. (?), r. ; Polynée, sp. (2), r.; and 
other Annelids ; Bolocera tuedi«, f.; Adamsia palliata, f.; Stomphia 
churchie, f. ; Sertularella rugosa, c. (on Laminaria fronds) ; Suberites 
ficus, r.; sponges, sp. (?), f. ; Galathea nexa; Cancer pagurus, one ? ; 
Inachus dorsettensis ; Corbula gibba, one ; Solaster papposa. 


Pecten pes-lutre, f. (living, few, but a number of dead shells having one or 
both valves more or less covered with sponge) ; Echinus esculentus, one ; 
Brissopsis lyrifera, one. 


Hyas araneus, one; Lithodes maia, one; Echinus esculentus, f. ; Bolocera 
tuedie, abdt, 


Ascidiella scabra, xr. ; Styelopsis grossularia, m. c. (on Pecten septem-radt- 
atus) ; Polycarpa rustica, f.; Fusus antiquus, v. r.; Pecten septem-radi- 
atus, m. c. ; Asterias rubens, v. r.; Asterias murray (?), v. r. 3 Brissopsis 
lyrifera, var. (2), £. ; Chetopterus variopedatus, v. r. ; one tube of the 
large Cirranthus, sp. (?); Bolocera tuedic, abdt.; Sabella pavonia, r. ; 
Sabella, sp. (?), r. ; sponges, several species (?) ; Panthalis erstidi (2), f. ; 
Amphiura fliformis, f. 


Pecten striatus, v. r.; Gibbula cineraria, f.; Ascidians, f. ; Galathea, sp., 
fr. ; Asterias rubens, one ; Ophiura texturata, f. ; Amphiura, sp., one ; 
Echinus esculentus, one; Aphrodite aculeata, one; Annelides, two; a 
large quantity of sea-weed. 


Trawl-net filled with mud and sea-weeds. 


Ascidia mentula, r.; Ascidiella scabra, f.; Ascidiella virginea, r. 3 Poly- 
carpa rustica, v. Y.; Buccinum undatum, f.; Trochus umbilicata, f. ; 
Trochus milligranus, f. ; Tarnatina umbilicata, v. r. ; Philine catena, v. 
r.; Pecten tigrinus, v. r.; Pecten opercularis, f.; Saxicava rugosa, Yr. ; 
Pecten septem-radiatus, v. r.; Cancer pagurus, one 9; Hyas coarctatus, 
f.; Hyas araneus, v. r.; Pandalus brevirostris, r. ; Pandalus annuli- 
cornis, f.; Caridion gordoni, v. r.; Crangon allman, v. yr. ; Asterias 
rubens, f.; Solaster papposa, v. x. ; Ophiothrix fragilis, f. ; Ophiura eili- 
aris, v.r.; Ophiura albida, v.r.; Amphiura fiiformis, r.; Echinus escu- 
lentus, r.; Kchinus miliaris, v. vr. ; Brissopsis lyrifera, r.; Serpula tri- 
quetra, f. ; Serpula vermicularis, r.; Serpula reversa, f. ; Sertularella rugosa 
(on Laminaria fronds) ; Lofea fruticosa, r. ; Hudendrium rameum, Vv. Yr. 3 
Hydractinia echinata, v. r.; Crania anomala, abdt.; Terebratula caput- 
serpentis, f.; Fusus antiquus; Cyprina islandica, r. (young): Corbula 
gibba, v. t.; Anomia ephippium; Pecten, sp. (?), one; Sarcodictyon 
catenata, var., abdt. over stones. 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BoaRD THE 
‘GARLAND’ DURING 1897. 
C. PHYSICAL OBSERVATIONS—I. Moray Firru. 
Temperature. . 
z a Ree) ih” | > 
Station, = 7 = 
Date,and| % | Air. | vee Weather. | Sea. fasrical 
Hour. | © meter) 38 
: : i 
E Dry | Sur-| Bot- he KS Direc- | Siok c= 
: : t s 
Bulb. | face. | tom. | faths. tion, | 
Station I. | 
1897. | 
June 9 
12.5 p.m. | E. |50°0 | 488 | 472 | 8£|SSE.| 2 | Clondy. ‘Sight. ae am. 29°92| 53 
1.55 p.m. | W. | 53-4 | 507 se 17 |N.byW.| 3 %. me ie 
| 
Nov. 8. 
10.5 a.m. —_ 512 |510 | 9 | SE. 6 | Dulland Rough. ls 3012] 53 
cloudy 
12.20p.m.| E. |51°80 514] 511 | 93| SE. 5 | Cloudy. f 1. 10m.ebb.| 30°14} 6 
ee 
Station IT ro = | 
June 9. | | 
2.47 p.m E. 38 52°33 1 463 | 19 | SS.W 2 | Cloudy Slight. ah. fl. | 2991) 7 
4.47 p.m. | W. |56°8 | 52°3 |] 47°0 | 17 | SSE./ 2 < = a a 29-92 | 10 
Nov. 6 | 
11.45 a.m 44°96 | 49°9 | 51-1 | 14 |W. byS.| 2 | Hazy. ht | 22h. ebb.| 30°32] 53 
S.E. swe 
2.10 p.m.| E. | 4604] 49-7 | 513 | 17 | W. i ae Slight |/43 ,, |3032] 5 
E. swell. 
| 
Station II. ) 
June 14, | : 
11.45 a.m ; | 55-4 54°6 | 51-77 | 83 | N.W. | Light Dull, with | Smooth. | ih. ebb.) 29°89| 3 
rain. 
12.55 p.m.| E. baie 52°3 | 512 | 19 N. 1 | Dull. Slight. /|13 ,, 29°89) 6 
Nov. 6. ) 
9.10a.m. | E. | 45°68)| 504 | 500 $i | Calm. 0 | Overcast. | Smooth. | 5ph. fil. | 30°44) 5 
10.35a.m. | W. | 46-22| 49°0 | 49-6 | 7) |W. byS. 1 | Overcast. e Lh. ebb. | 30-44] 32 
Station IV 
June 15 | 
6.50a.m. | E. |49°6 | 52°99 | 497 | 123 |W.N.W.| 4 | Cloudy. | Moderate.) 1 h. fi. | 29°99) 7 
8.55a.m. | W. | 51°9 | 53°5 | 50-0 93 | W. | 4 " ” 3 os » | 7 
Nov. 11. : 
915 a.m.| E. |49°10/ 500 | 50-1 | 13 |N by E.) 1 | Overcast. | E. swell. |3  ,, 308 | 5 
11.35a.m.| W. | 49°28 | 49°0 | 50°0 8 | Calm. 0 | Overcast, Heavy | 4} ,, 30°6 43 
passing E. swell. 
showers. 
Station V. | 
. ) 
June 15 : ) 
9.25 am. |S.W. 51° | 537 | 49°99 | 113| W. | 4 | Cloudy Moderate.| 3h. fl. | 29°99] 73 
11.10 a.m. | N.E. | 53-0 | 518 | 47-77 | 183] N.W.| 4 HM ” 53 4, | 29°98) 73 
: 
Novy. 11. | | | 
11.55 a.m. | S.W. 50-00| 50°71 | 49°9 | 13 s Light Overcast, Heavy | 53 ,, 306 | 5} 
. | with rain. | E. swell. 
2.5 p.m. | E. | 51°44/| 502 | 50-1 | 20 E. 1 | Cloudy. Slight. | 12h. ebb.) 30°0 | 7 
June 15. 
12.35 p.m. | W. | 53°6 | 53-4 | 51°8 9 | N.W. 4 | Cloudy. Moderate.| 3 h. ebb. | 29°97 | 7 
2.20p.m.| E. | 59-0 | 52°6 | 48°5 | 19 5 1 ie Slight. | 2; ,, |29°98) 7 
Nov. 10. 
9.7 a.m.| E. | 51°98| 49°8 | 49°99 | 18 s. 0 | Cloudy. Heavy |3h. ff. | 30°16] 5 
E. swell. 
10.45 a.m.| W. | 50°00)/ 50°1 | 50°0 | 12 S. 0 He a 38m. fi.) ,, 


of the Fishery Board for Scotland. 


TABLE C.—Revcorp or OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


C. PHYSICAL OBSERVATIONS.—I. Moray Firru—continued. 


HA 


=| 
S 
Station, = 
Date, and 3 Air 
Hour. r=} 
oS 
= Dry 
™ 1 Bulb. 
Staticn 
Vv. . 
1897. 

June 10. 

5.20 p.m. | E. | 55°4 

7.20 p.m. | W. | 55:0 

Nov. 10. 

12.0 a.m. 51°80 
2.10 p.m. E. | 52°88 

Station 

June 10. 

2.36 p.m.| S. | 57°7 
4.30 p.m. | N. | 563 

Nov. 9. 
12.30 a.m. Ss 52°70 

3.0 p.m. N. | 52-70 
Station IX, 

June 10. 

10.50 am.| S 57°0 
12.42 p.m. | N. | 577 

Nov. 9. 

8.50 a.m. | N 50°54 
12.7 p.m.| S 52°70 
Station X. 

June 10. 

7.81 a.m. | S.E. | 52°7 

9.25 a.m. | N.W. | 55°5 

Nov. 8 

1.30 p.m. | W. | 49°64 

3.25 p.m. | S.E. | 49°64 
Station XI, | 

June 11 

3.20a.m. | W 50°7 

5.20 a.m. E 50°38 

Novy. 22. 

1.0 p.m.}| W. | 50°90 

3.20 p.m E. | 51:44 

Station 

XII, 

June 11 

6.5 a.m N. | 50°9 

7.55 a.m. S. | 521 

Nov. 22 


Temperature. 
Water. 
Sur- | Bot- rs 
face. | tom. faths. 
52°2 | 45°3 34 
51°9 | 45°38 314 
50°5 | 50°35 25 
51°3 | 50°8 34 
52°4 | 45°3 33 
51°9 | 456 263 
50°9 | 51:0 34 
51°2 | 51°0 34 
51°5 | 45°5 34 
51°6 | 45°5 293 
51°0 | &1°0 304 
51°3 | 51°0 35 
49°2 | 45°3 343 
50°1 | 44:9 34 
51°0 | 50°8 35 
51:0 | 61°0 30 
49°2 3 23 
48°9 | 46°8 243 
50°2 | 49°9 24 
50°2 | 50°0 24 
| 
48°9 | 46:8 | "25 
48°9 | 46°3 243 


W.S.W. 
Calm. 


bob 


to bh 


bob 


a 


Or Cr 


09 9 


rs 


Sea. Tide. 
Slight haze.} Slight. 33h. fi. 
” oF a7 
Heavy | Near high 
E. swell. | water. 
Moderate.! 13 h. ebb. 
Hazy. Slight. Lh. fi. 
Slight haze. an ” 
Clear. E. swell. | 13h. fi. 
Cloudy. E. swell. | 3 h. ebb. 
Hazy, Slight | 33h. ebb. 
E. swell. 
Slight haze.| Slight. oF ” 
Hazy. ~ Choppy. |2_h. fl 
Clear. Choppy. | High 
water. 
Slight haze.| Slight | 3h. ebb. 
E. swell. 
” ” 24 9 
Overcast. |Heavy sea.|2h.10m.eb. 
7 Heavy |4h. ebb. 
seas. 
Dull, with | Moderate.’ 1} h. fi. 
rain. 
Cloudy. i 33 Cs, 
‘ as 4h.25m.eb, 
fs i 40 m. fl. 
Cloudy. Moderate.| 4h. fl. 
Dull, with ad 53; 


rain. 


Cloudy. a= 


3”? ” 


30°01 
30°08 


25 m. ebb.| 30°37 
3h. 25m, fl.| 30°36 


73 


Transparency 
Fathoms. 


oe 


os 


— - 7 . = 


—— 


74 Part ITI.—Sizteenth Annual Report 


TABLE C.—ReEcorpD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


C. PHYSICAL OBSERVATIONS—I. Moray Firru—continued. 


Temperature. 
E Wind e 
Station, 3 ’ oo Bate I 
Date,and| = | Air. Water. Weather. Sea. Tide. |eter.| 33 
Hour. ~ Le : aE 
= ‘Depth! ,,. aa 
a Dry | Sur- | Bot : Direc- |), eS 
= | Bulb. | face. | tom sates tion, |Force Ee 
Station 
XII. 
1897. 

June 11. 
12.25 p.m.| S. |57°5 | 49:7 | 463 | 30 |S.E.byS.| 1 | Cloudy. Slight. |423h.ebb.| 30°04] 92 
1.50pm. | N. | 586 | 49:7 | 46:5 | 26 if 3 t Slight |52 ,, | 30°04] 8 

, |S.E. swell. 
Nov. 20. . 
9.55a.m. | S 51°44] 50°3 | 50°0 / 273 | W.S.W. 838 | Overcast. | Moderate.| 2}h. ebb. | 30°34 | 10} 
12.15 p.m.| N. | 52°52] 50°6 | 50-1 | 20h |W. 4 | Cloudy. af 43 ,, | 80°36 | 10 
Station 
XIV. 
: 
Junell. ) | . 
3.20 p.m. | S. | 60°8 | 50°5 | 46°71 | 36 | N.N.E. |Light.| Slight haze.| Slight | 1h. fi. 30°03 | 7 
S.E. swell. 
5.15p.m.| N. |55°9 | 50° | 46-1 | 403 | S.S.E.| 1 | Dull. | t. .). 30°03 | 7 
Nov. 18. | | 
8.35a.m. | N. | 46:04] 49°6 | 5071 29 |W.byS. 5 | Clear. Choppy. | 3h. ebb. | 29°72} 10 
10.45a.m.| S. 49°64 | 50°4 | 50°0 35 poi 6 Cloudy. a ae 29°80 | 10 
Station XV. | 
June ll. | 
6.35 p.m. | N. | 55:0 | 50°6 | 46°2 34 SEN tees Dull. Slight | 43h. fi. 30°02 7 
| S.E. swell. 
8.30 p.m.| S. |54°8 | 51-4 | 45°5 | 35 S 2 | Cloudy. Slight. h. w. | 29.99 
Nov. 25. | . 
1.15 p.m.| N. | 53°78] 49°8 | 49°2 | 332 hee Eb” ks Moderate.| 13h. ebb. | 30°32| 83 
3.35p.m.| S. | 46°04] 49°9 | 49°3 | 264 | S. ds a es * 3: ,, 30°30| 9 
: 
Station | | 
XVI. ) 
June 11. | | | 
8.48 a.m. | N. | 52°5 | 49-0 / 46°1 34 |S. by W. 2 Dull. Slight. 3h. ebb. | 30°03 | 10 
10.35a.m.| S. | 56°6 | 49°9 er 40: |S.byE. 1 wen | * 2) 4 30°04| 9 
II, FrirTH oF CLYDE. 
Station y. | ! 
April 5. 
6.35a.m. | N. | 39°92 | 43:0 | 43°6 | 213 | S.E. 4 | Cloudy. Slight. 4ih. ebb. | 30°02| 5 
8.5 am. | S. |41°0 | 431 | 48-4 | 222 * 4 = - lew. .| 30°02] 5 
May 25. 1 
10.35 a.m. | N. | 49°46| 49°0 | 46-2 | 912 | N.w. 4. | Overcast. ® 33 h, ebb.| 29°76| 6 
12.5 pm.| S. |51-44| 49°0 | 46:8 | 204 3 2 = * 53 4, «| 29°76| 52 
Sept. 14, 
12.40 a.m. N 58°82 | 54°8 | 51°5 253 | N.W ry Smooth. | 43h. fl. 30°50; 8 
2.10p.m.| S. | 59°00| 55-0 | 53°2 | 134 me 1 | Cloudy. 5 Near h.w.| 30°48 | 8 
Station II, 
April 3. 
7.35 a.m. |Outer.| 37°04 | 43°0 | 43°8 | 25 S.E. 6 | Slighthaze.!| Choppy. | 1h. fi. 25'59| 5 
9.15 a.m. |Inner.| 38°84 | 42-9 | 43°6 | 25 ‘a 6 i : 2% ,, [2066/4 
May 19. | 
7.35 a.m. |Outer.| 44°24 | 47-0 | 46°3 | 23 E. 5 a Moderate. About l.w.| 30°28) 7 
9.20 a.m. |Inner.| 50°72 | 46°8 | 46°0 | 223 | S.E. 2 #3 Slight. 12h. fl. | 30°28) 7} 


re 


Station, 
Date, and 
Hour. 


1897. 
Sept. 14. 


11.0 a.m. 


Station 
III, 
April 2. 


5.5 p.m. 
6.45 p.m. 


May 19. 
10.20 a.m. 
11.40 a.m. 


Sept. 13. 
4.45 p.m. 
6.10 p.m. 


Station 
IV. 


April 2. 
3.30 p.m. 


of the Fishery Board for Scotland. 


TABLE C.—Recorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


©. PHYSICAL OBSERVATIONS-—-II. Firra or ClypE—continued. 


F Temperature. 
=| 
0) | Wind. 
& | Air. Water. Weather. 
3 
iS) 
& Dry | Sur- | Bot- Depth Direc- roves 
Bulb. | face, | tom. fatha: tion. 

9.15 a.m. | Outer.) 59°90 | 55:3 | 52°6 22 | N.N.W.| Light} Hazy. 
Inner.| 60°62 | 55°9 | 52°8 173 | N.W. 1 | Overcast. 
N. | 40°10 43°9 | 43°5 25 | S.S.W. 2 | Cloudy. 

S. |39°56| 44:0 | 43:7 34 | = S§.z Light ‘ 
S 48°56 | 46° 44:7 31 N.E. 5 | Slight haze. 
N. | 50°90] 46°2 | 45 45 i ae 
N. | 61°34] 55°7 | 52°4 22 | S.S.W, 1 | Fine. 
S 61°88 | 56°2 | 50°9 353 Ds) Light] ,, 
airs. 
N. | 47°48 | 44:1 | 43°6 30 |N.N.W. 1 | Cloudy. 
S. | 41°54] 44:1 | 43°5 19) | S:S.W. 3 


4.10 p.m. 


S. | 55°22] 48°0 | 45°5 
N. | 54°68 | 47°3 | 45-0 


.E. | 67°82 | 55°4 | 51°4 
W. | 67°46 | 551 | 50°1 


43°8 
43°9 


AM 
> 
~ 
bo 
nse 
ag 
ts 
ow 


47°30 | 47°3 | 45°0 
“3 | 45°0 


AM 
rs 
le 2) 
<a 
TS 
cS 
~ 


N, | 53°96) 54°0 | 53°0 
S. | 53°60) 54:0 | 51°8 


W. | 40°46 | 43°8 | 43°7 
N. | 41°90 | 43°3 | 43°4 
W. | 53°06} 48:1 | 46°9 
N. | 52°52) 49°1 | 47-1 


W. | 55-94) 56-0 | 55-2 
N. | 56:30 55-2 | 55-0 


oh) 


31 | Variable} Light) Slight haze. 


413 |} N.E. 3 3 
28 ee 1 | Fine. 
22 N. Light] ,, 

20 E. 4 | Hazy. 
15} a9 ” oh) 


10 oh) 97 PP) 

19 |W.N.W 2 | Overcast, 
with rain. 

3803 |W.N.W 4 | Overcast. 

35 S.E 6 | Clear. 

18 e 5 a 

323 | N.W. 2 | Cloudy. 

213 ” nee hi) 

263 W. 1 

203 | W.S.W. 1 | Cloudy. 


Sea. 


Smooth, 


7 


Slight. 
Smooth. 


Moderate. 


Smooth. 


” 


Tide, 


1} h. fl. 
22 45 


Baro- 
meter. 


43 h. ebb, | 29°74 
iL 
2 


Moderate.| 43 h. ebb. 


” 
” 


Slight. 


34 


Choppy. 


” 


Slight, 


2? 


Dull, hazy. | Smooth. 


2? 


ih. fl. | 29°74 
23h. fl. | 30-26 
#63 30°24 
3Lh. ebb. | 30°50 
43. ,, 30°50 
31 h. ebb. | 29°74 
32, 29°73 
5ph. fl. | 30-23 
h. w. 30°22 
13 h. ebb. | 30°49 
22 ,, . | 30°50 
29°76 
l. w. 29°79 
2h. fl. | 30-21 
Bisa 30°19 
53, 29°49 
13h. ebb. | 29°52 
12h. fl. | 29°98 
at, 30°0 
2h.fl. | 29°75 
QF «55 29°73 
Near l.w. | 30:29 
2h. fl 30°26 


75 


| 


Transparency. 


Fathoms. 


| 


91 


Cw 


bh 


NO 


“100 


oo o> 


Se | 
Hole 


10 


wie 


76 Part III —Siateenth Annual Report 


TABLE C.—ReEcorp oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


C. PHYSICAL OBSERVATIONS—II. Firta or CiypE—continued - 


| . Temperature. 
: 5 . cs 
ko} Wind. 
Station 3 = 
Date,and| s% | Air. Water. Weather. Sea. Tide. = e3 
Hour. = ; 2S 
=) Depth 3 
ze Dry | Sur- | Bot-|" ; Direc- & Ss 
5) in Force = 
Bulb. | face. | tom.| +44, | tion | | 
eee ee ee ee ee eee ee ee eee 
| Station | | | | | 
| VII. | | | 
1897. | | 
April 26 ) ‘ 
11.5 p.m.| N.E. | 47°30 | 45°0 | 44°3 24 | E.N.E. oT Hazy. ' Slight. 3 h. ebb. | 30°01 tals 
12.55 a.m. | S.W. | 46°22 | 45°6 | 44:1 24 7 5 me Moderate.) 43 ,, SU i ae 
April 27. | | 
10.20 a.m. | N.E. | 46°22 | 45°2 | 44:5 | 24° | E.N.E 5 Hazy. Moderate} 1}, 29°98| 6 
12.5 p.m. | S.W. | 49°64} 45°0 | 44-1 | 24 ch ia ) &: > a 29°98] 53 
May 17. | ) 
5.0 p.m. | N.E. | 53-96 | 47-7 | 45-1 | .242 a 4 Slight haze. 2 53 4, | 30°32) 72 
6.45 p.m. | S.W. | 56°66 | 47°5 | 45°0 | 27 5, 3 | - Slight. 1h.fl. | 3931] 6 
May 21. | | ) 
1.0 a.m. | S.W. | 46°04 | 47°0 | 45°7 25 N.E. 4 | Hazy. Moderate.) 44° ,, 30°10} .. 
2.50 a.m. | N.E. | 46°40| 46-1 | 45-4 | 24 ; oe & ) 5»  |Abouth.w.] 30°10] .. 


Sept. 29. | 


11.45 a.m. | S.W. | 54°86 | 55°0 | 549 20 | S.S.W. 3 | Moderately | Slight. 4h. fi. 29°77 | 6 


Bm 
=m 
ES 
@ bo 
o> bo 
kt 
ad 
=f 
“10 


12.15 p.m. | N.E | 56°12 | 47-4 | 45-4 
2.5 p.m. | S.W. | 59°90 | 47°6 | 45-4 


28 | E.N.E.| 3 2, Slight. h. ebb. | 30°34] 7 
33 as 4 = Moderate.| 24 ,, 30 


/ 
clear. | 

1.45 p.m. | N.E. | 55°76] 55-0 | 54°8 | 232 |S.by W.| 3 | Clear. ia h.w. | 29°74] 92 
(Night | 

haul.) | 

7.0 p.m, 4 25 | S.S.W. 4 | Cloudy. | + 5h. ebb. | 29°70} .. 
9.10 p.m. is | 28 S. 3 » rain. ,,  |Ih.10m. fl.) 29-70] .. 
Station | 7 

VIII. | 
April 26. ) 

8.40 p.m.| W. | 49°10/ 46-0 | 44-4 | 33 | E.N.E.| 3 | Hazy. Slight. 4h.ebb.| 29°97] .. 
10.20p.m.| E. | 47°66| 45-2 | 44-4 | 28 i Toll pen “d 3: 4, |30°00| .. 
April 27. 

1.25 p.m.| E. | 45°68} 45-8 | 444 | 30 | E.N.E.| 5 | ,, Choppy. | 43 ,, | 29°96] 6% 
3.10 p.m. | W. | 48°92) 45°7 | 44:5 | 3 x oe ee », |About l.w.| 29-96] 5 
May 17. 

8.25a.m.{, W. | 50°18 466 | 45-4 | 35  E.N.E.| 2 © Slight haze.| Moderate.| 3 h. fl. | 30°37] 7 
10.20a.m.| E. | 52°88 47:0 | 45:3 | 29 x 4 i 4 kh) 30°36] 8 
May 20. \ 
10.0 p.m.| W. | 51°44 47:1 | 460 | 383) NE 3 | Hazy. Slight. | 12 ,, 3010] .. 
11.50 p.m.| E. | 4640 47-2 | 459] 30 ,, 5 ¥ Choppy. | 3 ,, 3010] .. 
Sept. 29. | | 
10.20 p.m. | W. | 55°76 55°0 | 55°0 | 42 | S.S.W.| 2 | Cloudy. Slight. | 2} ,, 29°70| .. 
12.30 p.m.| E. | 53°96) 55-0 | 55-2 | 35 | Light,| 0 a 5 44 3, °|29°70| 2. 

. variable. 

Sept. 29. ® 

7.45a.m.| W. | 51:98 | 54:8 | 55-0 | 343 | s.w. | 2 | Hazy, with| _,, a ., | 29-80] 10 

rain. 
9.40a.m.| E. | 53-06 54:8 | 545 | 29 S.byW.| 2 | Cloudy. eS 2 29°80 | 10 
| | ) : 

Station iM | 

IX. | 
April 22. 

7.55 a.m. | S.W. | 45°32 445 | 44°3 | 273 E.N.E 4 | Slight haze. | Moderate.| 43 h. ebb.| 30°16| 4 
9.45 a.m. | N.E. | 44°78 | 44-5 | 44-0 | 27} ~~ E. 5 a Ls fi. | 30°20] 33 
May 17 / | 


TABLE C.—Recorp or OBSERVATIONS MADE ON BOARD THE 


Station, 
Date, and 
Hour. 


Station 
XI. 


April 21. 
3.25 p.m. 
5.10 p.m. 


May 20. 
3.45 p.m. 
5.30 p.m. 


Sept. 27. 
10.20 a.m. 
12.30 a.m. 


Station 
XII. 


April 21. 
10.55 a.m. 
1:0: pm. 


April 28. 
9.0 p.m. 
11.0 p.m. 


May 20. 
11,40 a.m. 
1.40 p.m. 


May 26. 
10.0 p.m. 
12 midnight 


Sept 24. 
1.55 p.m. 
4.5 p.m. 


Sept. 27. 
9.15 p.m. 
11.50 p.m, 


C. PITYSICAL OBSERVATIONS—II. Firra or CrypE—continued. 


End of Station. 


DA 
a5 


As 


nz 


HS 


Zn 


Ha oS 


Hs 


Dry 
Bulb. 


56°66 
56°66 


46°04 
46°76 


56°12 
62°64 


57°74 
59°72 


46°40 
48°02 


55°94 
56°66 


56°84 
59°72 


47°12 
47°66 


46°76 
46°04 


51°44 
52°52 


49°28 
49°10 


53°96 
54°86 


55°94 


65°40 


of the Fishery Board for Scotland. 


Temperature. 
Waiter. 
Sur- | Bot 
face. tom 
54:7 | 54°4 
54°7 | 54°9 
45°2 | 44:7 
45:0 | 44-4 
48°0 | 47:0 
50°5 | 46°8 
55°9 | 55°4 
56'2 | 55°3 
45°0 | 43:9 
45'0 | 44:0 
47°3 | 45:2 
47°4 | 45°1 
54°11 | 53°8 
54°3 | 53°8 
45:0 | 43°7 
45°3 | 44:0 
45°4 | 44°5 
45°4 | 44:3 
471 | 44°8 
47°7 | 45:0 
50°0 | 45°2 
49°5 | 44°5 
54°0 | 51°6 
54°5 | 54:0 
54°3 | 54°8 
54°0 | 52°0 


‘GARLAND’ DURING 1897. 


Weather. 


28 
283 


475 


43 


Wind, 
aa Force 
Si 4 
S. 5 
| Calm. he 
N.N.W. | Light 
N.E. # 
W. re 
W.S.W. 1 
W.S.W. 9 
EK. 5 
” 4 
N.E 2 
id 9 
S.W. 1 
S.W. by} 1 
W. 
E. 4 
39 5 
S.W. 1 
W... 1 
N.E 4 
” 2 
Ss. 1 
W.S.W. 4 
W.S.W. 4 
S. 3 
S.S.W. 2 


- 


Fog. 


’9 


Hazy. 


” 


Slight haze. 
Hazy. 


Hazy. 
Slight haze. 


Hazy. 


> 


Cloudy. 
Fine. 


Slight haze. 


”? 


Cloudy. 


” 


> 
Baro-| 8 . 
Sea, Tide. | meter’, FI d 
nao 
oe 
ES By 
Moderate.| 3h. ebb.| 29°96 | 103 
Choppy. | 23 ,, 29°92; 10 
Smooth. Sh. fl. | 29°97) 7 
a 3 h.ebb. | 29:99] 8 
aa Lh. fl 29°95; 7 
ss 2 ,, 29:95 | 8 
a 33h. fl, | 30°24) 7 
Slight, |5} ,, 30°24 | 10 
Moderate.| hw. 29°90| 33 
a 12 h. ebb.| 29°92] 44 
Slight. LS 30°10| 63 
” Se 15, 30°10| 64 
is 4 h. fl, | 30°12] 72 
es Sh. ebb.|3015| 6 
; Moderate.| 13 h.{fl. | 29°83) 33 
a oe ks 29°86| 3 
Slight. Near h.w.| 30°01] .. 
= 13 h. ebb.| 30°02] .. 
” 33 h. fi. 30°17 7 
” 5¢ ” 30°12 7 
“s 13 h, ebb.| 29°42] .. 
9 33 sy 29°42] .. 
Moderate.| 33 —,, 29°56 | 7% 
9 53 th 29°60 4 
3 hi ff. (} 3002 ke... 
52 ,, 30°10| .. 


Clear star- Slight. 


light. 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON. BOARD THE 
‘GARLAND’ DURING 1897. 
C. PHYSICAL OBSERVATIONS—III. Ciypr (UppErR Locn Fyne). 
Temperature. 
gE i 
Station, 3 ’ oni Baro 5 
Date,and| 4 | Air. Water. Weather. Sea. Tide. | neter| 2 
Hour. ee ay 
ae 
5 Dry | Sur- | Bot- iD a Direc- lroree ES 
. . =I 
Bulb. | face. | tom. | faths. tion. | 
Station 
XP; 
1897. 
Mar. 30. 
1.5 p.m. | N.E. | 39°56 | 44:0 | 43-9 273 | Calm. Overcast. | Smooth. | 33 h.ebb.| 29°58] 5 
2.15 p.m. | S.W. | 39°20 | 43°9 | 43°8 272 | S.S.E. Light Snow show- _ 43 Fy 29°56 | 53 
ers. 
May 27. : 
5.0 a.m. | S.W. | 46°04 | 48°4 | 45:0 34 E.S.E. 4 | Hazy. Slight. 1h. fi. 29°42; 5 
6.10 a.m. | N.E. | 47°66 | 48°8 | 45°3 | 242 | S.E. 1 : 4 ey, 29°42} 5 
Aug. 4. 

11.0 a.m. S.W. | 68°56 | 59°0 | 49°1 34 W.N.W.| 1 3 | Smooth. Near l.w. | 30°06} 43 
2.5p.m. | N.E.|23°8 | 59°2 | 49-0 | 26 s. 2 4 it 3h. fl. | 30°02] 43 
Oct. 11. 

10.35 a.m. | S.W. | 49:28 | 52°2 | 52°00 | 29 IN. byW.| 4 | Cloudy. Slight. 43 as | 29°83] 52 

12.45 a.m. | N.E. | 49°46 | 52°0 | 52-2 | 38 |N.byW.| 3 fe i? h. w. | 29°83] 6% 
Dec. 14. 

9.80 a.m. | N.E. | 41°72 | 47°6 | 50°38 | 25 8. 2 | Clear, open.| Smooth. | 1. w. 29°24] 42 

11.15 a.m. | S.W. | 43°88 | 47°2 | 51:0 ; 35 S. 2 | Moderately bs 2h. fl. | 29°26} 53 

H clear. | 

| 

Station | 
XIV. / 
Mar. 30. | 

11.30 a.m. | N.E. | 29°74} 43°1 | 43°99 | 25 W. Light.) Cloudy. Smooth. |1 h.ebb. | 29°58] 5 

12°50 p.m. | S.W. | 39°56 | 44°0 | 43-9 272 | Calm. -- | Overcast. 4 LEP igs 29°58 | 5 
May 27. 

6.45 a.m | S.W. | 47°66! 48°8 | 45-7 243 S.E. 1 Hazy. Slight. 32 hi: fl.. 29:42 ‘ab 
8.5 a.m. | N.E. | 53°06| 49-4 | 45-4 | 95 r ,, | Slight haze.) Smooth. {5 ,, 29°43 | 43 
July 29. | 

10.0 a.m. | 8.W. | 59°36 | 56°0 | 48°0 | 35 |W. byS.| 1 | Hazy. & 3k |, | 801d lake 

12.20 a.m. | N.E. | 61°88 | 57:0 | 48-0 25 S.W. 2 », and rain, A 43 (Cs, 80°16] 5 

Oct; 11. 
2.37 p.m. | N.E. | 49°64 | 51:6 | 50-9 | 26 N. | 8 | Cloudy. Slight. | 22 h. ebb.| 29°84] 7 
3.55 p.m. | S.W. | 51.26| 52°0 | 521 | 33 w) Saq'lyl  , fi 4i |, | 29-86] 63 
Dec. 14, r 

12.55 p.m. | N.E. | 44°42] 47:0 | 51-0 | 24 ce 1 ” Smoogh. | 34h. fl. | 29°26] 5 

S.W. | See Sitation| XIII. S. 
Station 
XV. 
Mar. 30. 
8.55 a.m. | S.W. | 34°70 | 43:2 | 44:1 274 | Calm. -. | Cloudy. Smooth. | 44h. fl. | 29°61] 5 

10.30 a.m. | N.E. | 42°08] 43°0 | 44°3 404 W. Light, te A h. w. 29°60| 5 
May 27. 

8.55 a.m. | S.W. | 51.44 | 49°3 | 44°8 D5 eek ak Slight haze. 53h. fi. 26-44 Nd 
10.20 a.m. | N.E. | 55°22} 50°2 | 44°5 40 E. see! | Cloudy. Slight. 3h. ebb.| 29°45| 5 
July 28. f 
9.45 a.m. ; W. | 59°0 | 56°0 | 47°0 29 | W.S.W. 1 A Smooth, | 44 h. fl 29°95| 6 
11.20a.m.| E. | 63.50] 581 | 48-0 | 46 |W.S.W.| 1 [|Fine,cloudy.| _,, Bk 29°97 | 63 

Oct. 8. | 

1.45 p.m. | E. | 52°52} 52°0 | 47°0 | 404 W. 4 | Showery. | Slight. 3 h. ebb. | 29°92} 5 
3.30 p.m. | W. | 51°98| 52°0 | 48°0 | 35 |Squally.) .. | Cloudy. a E 29:93| 52 
Dec. 14. 

1.15 p.m. | S.W. | 44°42] 47°4 | 50°2 | 28 Ss. 2 | Bright,open.| Moderate.| 32h. fl 29°24] 52 
3.15 p.m. | N.E. | 44°24| 46°5 | 47-5 | 56 | S.S.W.| 1 | Cloudy. Smooth. |53 ., 29°26 | 64 
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TABLE C.—ReEcorD oF OBSERVATIONS MADE ON BOARD THE 
‘GARLAND’ DURING 1897. 


Lape | 
| | 
Temperature. | 
| ) es 
S) : | / 
Station, | S | Wane ee ee 
Date, and | § | Air. Water. Weather. Sea. Tide. hee ie 
Hour. oe | a8 
oy rey b . | Be 
E Dry | Sur- | Bot- Depth) pirec othe Ze / 
Bulb. | face. | tom. faths.| tion. | 
| 
Station 
AVE: 
1897. 

Mar. 29. 

2.30 p.m.| E 44°24 | 45:0 | 44°6 53 | N.N.E. 2 | Cloudy. Smooth. | 43 h. ebb.| 29°55 | 63 
4.45 p.m.| W. | 41:72] 44:3 | 44:2 | 64 N. 2 Se 4 1h, fl. |29°56| 42 

| 
May 28. 

| 11.40a.m.| E. | 60°08 | 51-0 | 44°4 62 E.S.E. 3 | Cloudy. Slight. 1} h. ebb.| 29°43) 5 
2.0 p.m.| W. | 57°56 | 52-9 | 44:3 | 71 E. 1 | Overcast. is 32 ., | 29°40| 5% 
July 30. 

9.30 a.m. | S.W. | 60°08 | 60°0 | 44°4 | 64 |W.S.W..| 2 | Hazy. Smooth. | 25h. fl 30'26| 7 

11.30 a.m. | N.E. | 63°32 | 60°9 | 44°3 | 57 |W.S.W. 1 ey me oe 30°28 | 4 

| Aug. 5. 

| 8.15 a.m. | N.E. 64°5 | 44°4 55 | E.N.E. 1 Hazy. Smooth. | 3h. ebb.| 29°89} 7 

| 10.5 a.m. | S.W. 640 | 43:8 | 68 S. 2 > A sa ge . PeO7S |) 68 
Oct. 8. 

9.55 a.m. | N.E. | 51°80; 52°1 | 44°8 64 W. 3 | Rain. Slight. h.w. 29°92 | 33 

12.40 a.m. | S.W. | 51°80} 52°0 | 50°5 74 W. 4 | Cloudy. " 2h. 40m.| 29°92! 5 

ebb. 
Dec, 15, 

12.0 a.m. | N.E. | 42°62 | 43°0 | 45°6 | 64 S.E. |Squ’ly 5, »With| Moderate.| 33 h. fl. | 29°34) 5 

showers. 

3.40 p.m. | S.W. | 45°50 | 44:2 | 45°8 65 S. 2 Cloudy. +4 Lh. ebb. | 29°33 | 6 
Station | 
XVII. \ 

Mar. 29. 
7.50a.m.| E. | 36°50 | 41°0 | 44:0 164 W.N.W 1 | Cloudy. Smooth. | 32h, fl. | 29°47] 4 
9.20 a.m. |} W. | 4010] 436 | 44:5 | 36, 2 4 i) 534, «=| 29°48 | 48 
May 28. 

6.50 a.m.| W. | 53°06} 48:7 | 44:2 | 88 | E.S.E. |Squ’ly| Slight haze.| Slight. 2h on 29°46 | 42 
8.30 a.m.| E. | 53°24| 47-0 | 443 | 17 | KE. 1 | Clear. 3 age So | fao'4e | 4 
July 30. 

12.45 p.m. | N.E. | 67°28 | 61°0 | 47°1 | 17% | W.S.W. 1 | Fine, clear. | Smooth. | Near h.w.| 30°28} 22 
1.50 pain. | S.W. | 68°00] 683 | 449 | 37 |W.SW.) 1 | 4”, a zh, ebb.| 30-28| 32 | 
Oct. 6. | | 
8.45 a.m.| E. | 45°32] 53°5 | 50°9 | 163 | Calm. 0 | Fog. | ” | 30°30} 44 
10.40 a.m.| W. | 52°16 | 53°5 | 46°1 | 38 (Variable Slight} Cloudy. i GY as 33°30] 5 

| | airs. 

Dec. 13. | 
9.20 a.m. | N.E. | 41°54; 49:8 | 49°9. | 173 | S.E. (Squ’ly| Heavy rain.| Moderate.| $h. fl. | 29°34] 5 

11.0 a.m. | S.W. | 40°64 | 45:4 48°9 | 36, SE. “Gey ag blak 43 , ae 29°34] 6 l 

\ 
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Il.—ON THE GROWTH. AND. MATURATION OF THE 
OVARIAN EGGS OF TELEOSTEAN FISHES. By T. 
Wemyss Futon, M.D., F.R.S.E., Scientific Superintendent. 
(Plates I.—ITT.) 


Exact knowledge concerning the mature eggs of the great majority of 
marine osseous fishes is of comparatively recent date. The structure or 
anatomical relations of the reproductive organs were early made the subject 
of investigation by such authorities as Rathke, Cuvier and Valenciennes, 
Vogt, Owen, Hyrtl, and Waldeyer; and the eggs, embryology, and 
development of several species were studied before 1866 by Rathke, 
Von Baer, Rusconi, Vogt, Doyere, Joh. Miiller, Lereboullet, Stricker, 
Steenstrup, Ransom, and others. Since the year named a large number 
of investigations have been made by various naturalists, especially, 
perhaps, in connection with embryology. Previous to the period 
indicated, the researches on teleostean embryology were confined either 
to fresh-water species or to one or two marine shore forms, in which the 
eggs are carried by one of the parents until they hatch, namely the pipe- 
fishes (Syngnathus) and the viviparous blenny (Zoarces viviparus), and 
which, therefore, provided specimens at various stages of development. 
The fresh-water species which formed the subject of study were principally 
the perch, pike, carp, trout, salmon, chub, river-bullhead, ruffe, and 
sticklebacks. One reason why the early investigations were almost 
entirely confined to fresh-water forms was no doubt the comparative 
ease with which living eggs could be obtained, the relatively large size of 
the eggs, and the convenience with which they could be preserved alive. 
But there was another reason, inasmuch as previous to the time named 
scarcely anything was known about the eggs or oviposition of marine 
Teleosteans. It was not until the discoveries of Sars respecting the eggs 
and spawning of the cod, haddock, and mackerel that the attention of 
zoologists was specially directed to the importance of the subject. Since 
that time, although researches have naturally continued to be made on 
fresh-water forms, by far the greater number have concerned marine 
species; a circumstance also due to the establishment of marine 
laboratories in various countries, which have provided facilities that did 
not previously exist. 

In 1864 G. O. Sars, in the course of an investigation into the cod 
fisheries of the Loffoden Isles, discovered that the mature eggs of the 
cod consisted of minute, perfectly transparent spheres, which floated 
about separately in the surface waters of the sea. In the following year 
he artificially fecundated the eggs of this fish and studied the developmert 
of the embryo ; and he also found that the eggs of the haddock and of 
the mackerel were buoyant like those of the cod, as well as the eggs of 
some other species which he succeeded in hatching but not in identifying.* 
In 1867 A. W. Malm incidentally studied the eggs of the flounder, which 
were found to be buoyant.+ In the following year Kupffer published an 


* “Om Vinterstorskens (Gadus morrhua) Forplanting og Udvikling.” Forhand. 2 
Videnskabs-Selsk. 1 Christiania, aar 1865, p. 237 (1866) ; Indberetninger til Departmentet 
for det Indre, 1864-78, Christiania, 1879. (Translations of these reports, except the last, 
are published in the Report of the U.S. Fish Commission for 1877.) 


+ ‘* Bidrag till Kannedom af Pleuronektoidernes utveckling och byggnad.” Konigi, 
Svenska Vetenskaps Akad. Handlingar, p. 1. 1867. 
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important paper on the development of osseous fishes, dealing principally 
with marine forms (Gasterosteus spinachia, Gobius minutus, G. niger).* 
In 1874 Hackelf and E. Van Benedent studied the development of 
unidentified pelagic fish-eggs in the Mediterranean; and from about that 
time, and especially during the last ten or fifteen years, a large number of 
memoirs and papers dealing with the eggs and the embryology of teleostean 
fishes have been published in this country, principally by Professor 
M‘Intosh, Mr J. T. Cunningham, and Mr E. W. L. Holt. 


The researches that have been made on the eggs and embryology of 
marine Teleosteans since the discoveries of Sars, while of great value from 
the scientific point of view, have been also of direct practical importance 
in showing that the eggs are in the great majority of species buoyant or 
pelagic, and that those which are demersal are, for the most part, shore 
forms, which, with the exception of the herring, are of little economic 
utility. All the Gadoids (except Lota vulgaris, which is a fresh-water 
form) and the European flat-fishes have pelagic eggs, as have also the 
mackerel, pilchard, anchovy, sprat, the gurnards, and many others. On 
the other hand, none of the species which spawn in fresh water or in 
estuaries have pelagic eggs, for a reason which will be apparent later. 

The investigations described in this paper deal mainly with the later 
stages in the ovarian development of the teleostean ovum, especially the 
maturation of the pelagic ovum, and with certain phenomena which arise 
in consequence of the changes which occur. ) 

The most important point which I have been able to determine 
is that the final change in the maturation of the pelagic ovum, 
while still within the ovary, is accompanied by a comparatively 
rapid and relatively great accession of a watery fluid, of low density, 
from without, which dissolves the yolk-spherules, is associated with 
the dissolution of the germinal vesicle, and the definite formation 
of the periblast, distends the ovum to three or four times its former 
volume, thinning the capsule correspondingly, renders it of crystalline 
transparency, and reduces its specific gravity so that it is enabled to float 
in sea-water of ordinary density—in other words, to become pelagic. I 
have also been able to establish the fact that this change lkewise occurs 
in the demersal eggs of Teleosteans at maturation, but to a less extent, the 
quantity of fluid absorbed being much smaller in amount, and the yolk- 
spherules remaining comparatively little affected. 

The process is different from the ordinary slow growth of the eggs 
within the follicle. It is a rapid physical or physico-chemical change 
which is associated with the dissolution of the germinal vesicle and 
the rearrangement of the chromatin for fertilisation—the phase marking 
the completion of ovarian growth and the preparation of the egg for 
fertilisation—but which has, so to speak, in the pelagic egg, been seized 
upon and exaggerated by natural selection for another purpose—namely, 
to enable the eggs to float and to become widely dispersed. 

The solution of the spherules and the dilution of the nutritive yolk by 
several times its volume of water, explains a number of. phenomena 
hitherto obscure in the development of the embryo of pelagic eggs, such 
as its comparatively brief duration, the absence of true vitelline circulation, 
the simple mode by which the yolk is absorbed, the rapidity with which it 


* < Beobachtungen iiber d. Entwickelung d. Knochenfische.” Arch. f. Mikr. Anat., 
Bd. iv., p. 209. 1868. 


+ Die Gastrula und die Eifurchung der Thiere. Jena Zeitschr. ix., 1875. 


t+ A contribution to the History of Embryonic Development of Teleosteans. 
Quart. Journ. Micr. Sct. xviii., 1878. 
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is absorbed in the larval stage, and the relatively small and ill-developed 
condition of the larva. It is obvious that since the substance of the 
embryo and larva is almost entirely derived from the yolk, an egg in 
which the yolk has been diluted with three or four times its bulk of 
watery fluid has only a third or a fourth of the nutritive power of one in 
which the yolk remains in its original state ; and that, other things being 
equal, the physiological transformation of yolk into embryo ought, in such 
a case, to be both more rapid and easy, and the resulting embryo either 
smaller or less developed or both. In this sense, so far as concerns 
nutritive value, the mature demersal egg is comparable, not to the 
mature pelagic egg, but rather to the preceding opaque stage, although, as 
will be shown later, the initial nutritive value of the latter, unit for unit, 
is in reality inferior. 

A knowledge of the nature of the yolk in pelagic eggs likewise explains 
the gradual sinking of the larvee after they are hatched, and even in 
some cases of the egg containing the advanced embryo. It is in virtue 
of the watery yolk of low specific gravity that the egg floats, and as this 
becomes used up in the growth of the little fish, to which it is attached, 
and transformed into its denser tissues, the specific gravity of the whole 
is increased, until it exceeds that of the sea water in which it is immersed. 
Hence the general rule that pelagic eggs are obtained in the surface 
layers of the sea, while the larve are found most abundantly towards the 
bottom and in the middle layers, The expansion of the pelagic ovum at 
maturation will also be afterwards shown to be correlated in certain 
important respects with the life-history of the species. 

That the fully mature pelagic ovum of Teleosteans is translucent and 
larger than the opaque eggs present at the same time in the ovary has 
long been known, but I have been unable to find in any of the nnmerous 
papers dealing with them any indication of the real change which occurs, 
As will be more fully explained later, the descriptions given by various 
authors afford no hint that it is due to a special cause. The reason that 
this stage has hitherto escaped close attention is most probably owing to 
the circumstance that the few who have concerned themselves with 
ovarian pelagic eggs have, for the most part, studied only sections of the 
ovary, showing the immature or opaque ova, while those who have dealt 
with the fully mature eggs have almost always been concerned with the 
changes following fertilisation, or with their identification and morpho- 
logical description ; perhaps also from failure to keep clearly in mind the 
fact that a small increase in the diameter of a sphere represents a large 
increase in its volume. 

The methods adopted in my investigations were as follows :—(1), The 
examination of the immature and ripe ovaries in the living fish or in the 
fresh state; (2), the microscopical examination of parts of the fresh 
ovaries and of the ovarian eggs at various stages, without preparation, in 
various media ; (3), the study of stained and mounted sections prepared 
in the usual way ; (4), the determination in certain cases of the general 
nature and quantity of the intra-ovarian fluid present in ripening ovaries; 
(5), experimental observations on the physical properties of the opaque 
and the mature eggs, and on some other points. It became evident 
to me that an adequate explanation of the chemical processes that 
occur in the maturation of the eggs could only be obtained by the assist- 
ance of an expert in physiological chemistry. The Board accordingly 
appointed Dr. T. H. Milroy, assistant to the Professor of Physiology 
in the University of Edinburgh, for this purpose. The thesis embodying 
my results was submitted to Dr. Milroy, whose report will be found at 
page 135 of this Report. 
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The species whose ovaries and eggs have been studied comprise the 


following :— 


A.—With Dispersed Pelagic Eggs. 


Grey Gurnard (Trigla gurnardus), 

Red Gurnard (Z'rigla cuculus). 

Lesser Weever (Trachinus vipera). 

Mackerel (Scomber scomber). 

Dragonet (Callionymus lyra). 

Cod (Gadus morrhua). 

Haddock (Gadus eglefinus). 

Bib (Gadus luscus). 

Whiting (Gadus merlangus). 

Saithe (Gadus virens). 

Ling (Molva vulgaris). 

Four-Bearded Rockling (Motella 
cimbria). 

Tusk (Brosmius brosme). 

Halibut (Hippoglossus vulgaris). 

Long Rough Dab (Hippoglossoides 
platessotdes). 


Turbot (Rhombus maximus). 

Brill (Rhombus levis). 

Sail- Fluke (Arnoglossus mega- 
stoma). 

Plaice (Pleuronectes platessa). 

Lemon Dab (Pleuronectes micro- 
cephalus). 

Witch (Pleuronectes cynoglossus). 

Common Dab (Pleuronectes  li- 
manda), 

Flounder (Pleuronectes flesus). 

Sole (Solea vulgaris). 

Solenette (Solea lutea). 

Norwegian Topknot (Zeugopterus 
norvegicus). 


B.—With Floating Eggs Imbedded in Mucus. 


Angler or Monk (Lophius piscatorius). 


C.—With Demersal Eggs. 


Short - Spined Cottus  (Cottus 
scorptus). 

Long -Spined Cottus (Cottus 
bubalis). 

Pogge (Agonus cataphractus). 

Lumpsucker (Cyclopterus lumpus). 

Diminutive Sucker (Liparis mon- 
tagut). 


Catfish (Anarrhichas lupus). 

Lesser Sand-EKel (Ammodytes 
tobianus), 

Smelt (Osmerus eperlanus). 

Herring (Clupea harengus), 


The immature ovaries of the common eel (Anguilla vulgaris) and of the 
John Dory (Zeus faber) were also examined. The latter are described in 
another place together with those of the angler (see p. 125). The eggs 
of the eel, according to the recent researches of Grassi and Calandruccio,* 


are buoyant. 


Stained and mounted § sections 


of the following species were 


examined :—Haddock, whiting, bib, grey gurnard, plaice, lemon sole, 
flounder, common dab, witch, sole, solenette, Norwegian topknot, long 
rough dab, John Dory, sand-eel, gunnel, herring, viviparous blenny, angler, 
catfish, and common eel. The eggs and portions of ovaries of the follow- 
ing species were examined microscopically in the living or fresh condi- 
tion :—Cod, haddock, whiting, ling, saithe, bib, four-bearded rockling, 
grey gurnard, red gurnard, turbot, brill, halibut, plaice, lemon sole, witch, 
common dab, flounder, sole, solenette, Norwegian topknot, John Dory, 
herring, catfish, lumpsucker, pogge, short-spined cottus. 


* The Reproduction and Meer of the Common Eel, Quart. Journ. Micr. 


Sci., Vol. xxxiii, Part iii. p. 3. 
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THE OVARIES. 


The anatomy and structure of the ovaries of Teleostei have been de- 
scribed by His,* Brock,? Macleod, { and others. Such points in the minute 
structure as bear upon my subject will be explained later when dealing 
with the maturation of the ovarian eggs. It is, however, desirable here 
to refer to some general features of the ovary in species which produce 
pelagic eggs and in those whose eggs are demersal. If the ovaries of 
either form be examined before the advent of spawning, they will be 
found to be composed for the most part of relatively large, yolked, opaque 
eggs, destined to be extruded in the approaching spawning season. 
Among almost all forms with demersal eggs the difference in size, as well 
as in appearance, between these large eggs and the small eggs which are 
present in the ovary at the same time is very marked ; and further, the 
large eggs approaching maturity are all of nearly equal size, For example, 
in the lumpsucker (Cyclopterus lumpus) the great mass of the eggs range 
about 22mm. in diameter, while the largest of the small eggs scattered 
about in the stroma do not exceed O'4mm. It is the same with many 
other forms, such as the catfish, the herring, the smelt, the salmon, &c. ; 
the two sizes of eggs being sharply demarcated from one another, and the 
larger being subequal in size. This condition is associated with rapid 
oviposition, the whole of the large eggs being extruded en masse, as 
with the lumpsucker, or at brief intervals, as with the herring and the 
smelt. In some other species with demersal eggs, such as the sticklebacks 
(Gasterosteus), the pipe-fishes (Syngnathus), and the diminutive suckers 
(Ziparis), three series of eggs may be observed, each marked off from the 
other by difference in size, the two larger classes both containing yolk. 
Thus in Liparis montagui, at the spawning season, mature eggs practically 
of uniform size (1*1 to 1‘2mm.) are present in the ovaries together with a 
series ranging from about 0°5 to 0°7, and a third series of minute, clear, 
yolkless eggs not exceeding 0°2mm. This condition is met with in small 
species in which comparatively few eggs are deposited at one time, and 
which shed their eggs in more than one batch or lot during the season. 
The successive spawnings have been specially observed among the stickle- 
backs.§ 

In species which produce pelagic eggs there is not always the same 
sharp demarcation between the large, yolked eggs, and those that are small 
and transparent. Gradations in size may be detected between the two 
groups, but the degree in which this transition exists varies very much in 
different species. In the larger forms, such as the cod, ling, plaice, tusk, 

and turbot, there are comparatively few eggs of intermediate size, while in 
- the haddock, and especially in the whiting and gurnard, the intermediate 
eggs are very numerous, and the gradation between the largest and the 
smallest is readily perceived. This condition is associated with a prolonged 
spawning period, and there is thus time for the smaller yolked eggs to 
grow larger and to be expelled at the close of the spawning period. In the 
larger forms, oviposition, although still prolonged over several weeks, owing 
to the changes at maturation, is more rapid, the eggs shed in a given 
season being all pretty equally developed when spawning begins. 


* Untersuch. iiber das Ei und die Eientwickelung bei Knochenfischen. Leipzig, 1873. 


+ Beitriige z, Anat. und Histologie der Geschlechtsorgane der Knochenfische. Morph. 
Jahrb. iv., p. 505. 1878. 


+ Recherches sur la structure et le Mele de l Appareil reproducteur femelle 
des Téléosteans, Arch, de Biologie, Tome ii., p. 497. 1881. 


§ Ransom. Observations on the Ovum of Osseous Fishes, Phil, Trans. Roy. Soc. 
London, Vol. clvii., p. 431. 1868, 
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If we now compare the fully mature ovaries of a Teleostean whose eggs 
are pelagic with those of one whose eggs are demersal, a striking difference 
will be perceived. In the latter, as already indicated, the eggs which are 
shed are developed equally ; they grow gradually until they reach a 
certain size, practically uniform in a given species, they become more 
pellucid or semi-translucent, and are then expelled. But in species with 
pelagic eggs, examination of the ovary reveals the presence of large, clear 
eges of crystalline transparency, scattered throughout its substance, 
presenting a marked contrast both in size and appearance to those 
around them which are whitish, opaque, and smaller. These are 
the mature ova ready to be shed and fertilised. They have burst 
through their follicles, they gradually accumulate in the lumen of the 
ovary, and are normally expelled in small quantities at a time.* It is 
important to observe that extremely few eggs of intermediate size or 
character are to be found between the opaque ones and the large trans- 
parent ones. The proportional number of the transparent eggs 
present in the ovaries depends upon the period in relation to the 
beginning or end of oviposition. At the commencement of spawning, 
very few are present. The proportion increases as the spawning proceeds, 
and towards the end the cavities of the ovaries are distended almost 
exclusively with the clear mature eggs. 


THE FREE OVARIAN FLUID. 


Little attention has hitherto been given to the free fluid which is found 
in the ovaries of Teleosteans bathing the lamellz and the mature eggs. It 
has generally been regarded (1) as a lubricant to facilitate the escape of 
the eggs during oviposition ; (2) in certain forms as a cementing substance 
to bind the deposited eggs to one another or to foreign bodies. Among 
attached or adherent demersal eggs, adhesion is sometimes effected by a 
special modification of the cortical part of the egg-membrane, sometimes 
by the stickiness of the outer surface, and sometimes by the hardening of 
the fluid which bathes the eggs and is expelled with them. In another 
group the eggs are imbedded in a mucoid substance which causes them to 
float, as in Scorpena,t Fierasfer,t aud Lophius piscatorius.§ I have 
shown elsewhere (p. 127) that the mucoid matrix that surrounds the eggs 
in Lophius is secreted by specially modified epithelium. In species pro- 
ducing isolated pelagic eggs the ovarian fluid which is expelled with the 
eggs when they are shed is watery; it mingles with the sea water and dis- 
appears. In immature ovaries the quantity of free fluid present is very 
small, just sufficient to keep the surfaces of the lamelle wetted, but in 
those in which spawning has begun the quantity is considerable; and as 


* It is sometimes supposed that the female sheds her pelagic eggs at random, and 
that fertilisation is to a large extent a matter of chance ; but this is not the case. One or 
more males are in close attendance and impregnate the eggs as they escape in small 
quantities. 

+ Hoffman. Zur Ontogenie der Knochenfische. Verhandel. der Koninkl. Akad. 
van Wetensch. Deel. 21, p. 17, 1881; Raffaele, Le Uova gallegianti e le larve dei 
Teleostei nel Golfo di Napoli. Mvttheil. aus der Zool. Stat. zu Neapel, Bd. viii., 1888. 

+ Emery, Fierasfer, Studi intorno alla sistematica, l’anatomia e la biologia delle 
specie mediterranee di questo genere Fauna and Flora des Golfes von Neapel. 1880, 


§ Agassiz and Whitman. The Development of Osseous Fishes. . Mem. Mus. Comp, 
Zool, Harvard College, xiv., No, i., Part ii, 1889. 
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it appeared to me that the nature and composition of this fluid might 
be closely related to that which enters the eggs at maturation, special 
attention has been paid to it. 

Very little seems to be known concerning the normal ovarian fluids of 
any group.* The only reference [ have found to it in Teleosteans— 
apart from the mere statement of the presence of a “ lubricating” fluid— 
is in a paper by Hensen on the occurrence and quantity of the eggs of 
some Baltic fishes.r | Hensen, in order to determine the precise specific 
gravity of the mature eggs of the cod when they are expelled from the 
oviduct, first ascertained the specific gravity of the eggs and fluid com- 
bined, and then the specific gravity of the fluid when separated from the 
eggs. He found the fluid from the ovaries of the cod to have a specific 
gravity, as determined by the piknometer, of 1°01115, at a temperature of 
87° C. ; he described it as alkaline and as containing an albuminoid sub- 
stance which separated on boiling or by the addition of acetic acid, and 
which on precipitation by alcohol could not again be dissolved. He 
found the quantity of the liquid to vary greatly, but to range as a rule 
between fourteen and twenty per cent. of the total volume of the matter 
discharged from the ovaries in the cod. Hensen supposes the fluid to 
originate in the Graffian follicles, and he terms it accordingly liquor 
folliculi. | 

Before I was aware of Hensen’s observations I examined the fluid from 
the ovaries of certain species by cutting open the organ and suspending it 
over a beaker covered with muslin. In this way from the ovaries of a 
ling, which had just begun to spawn, and which (the ovaries) weighed 
5lbs. 640z., the quantity of fluid which drained off in the course of fifteen 
hours was 122 cubic centimetres. From the ovaries of a cod, which had 
been spawning for a short time, and which weighed 6lbs. 20z., the 
quantity in thirteen hours measured 182 cubic centimetres ; and in the 
same period the ovaries of a saithe weighing 3lbs. 20z., in which the great 
mass of the organ was composed of mature transparent eggs, yielded 78 
cubic centimetres. In each case the fluid was a little turbid and left a 
very faint stickiness on the fingers ; it had a saltish taste, was practically 
neutral in reaction, and on heating it a fairly copious white coagulum was 
formed. The specific gravity, determined by a hydrometer, was after 
correction for temperature 1°012 in that from the ling, and 1:0119 in 
that from the cod. This method was, however, unsatisfactory, inasmuch 
as small blood-vessels were cut in slitting up the tissues, and the fluid 
sometimes possessed a faint sanguineous tinge; the microscope also 
showed the presence of a few yolk spherules from ruptured eggs, I 
therefore adopted the method employed by Hensen, and in the case of 
the plaice by draining 517 cubic centimetres of eggs and fluid from ripe 
fish through silk netting the quantity of fluid separated was 51°5 cubic 
centimetres ; but a considerable amount of course remained adherent to 
the eggs. The fresh ovarian fluid of the plaice was handed to Dr. Milroy, 
who found that it had a specific gravity of 10116, as determined by the 
piknometer, with a neutral reaction, that it was very pale yellow, almost 
transparent, and contained a large amcunt of chlorides, phosphates being 
absent. The amount of chloride of sodium present was 0°766 gramme 
to each 100 cubic centimetres of the fluid, and the total of the albumins 
was 0°838 gramme. More recently Dr. Milroy has examined other 
specimens of the fluid from the ovaries of Teleosteans, which will be found 
described at p. 135 of this Report. 


* Hammarsten. Lehrbuch der Physiologischen Chemie. 1895, 
+ Vierter Berich, d, Kom. z. Wiss, Untersach, d. deutschen Meere, 1884, 
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The relation of the free ovarian fluid to the processes of maturation 
is discussed later (p. 118). 


THe OvaRIAN DEVELOPMENT OF THE Eaas. 


As previously stated, I have investigated the ovarian development and 
maturation of the eggs of a number of Teleosteans, belonging for the most 
part to the group in which the mature egg is pelagic. |The investigation 
was made partly on fresh ovaries examined in ovarian succus or in weak 
salt solutions, much being learned by graduated compression of the eggs; 
and partly by means of sections hardened chiefly in picro-sulphuric acid 
or Perennyi’s fluid and spirit, and stained for the most part with hama- 
toxylin, eosin, and saffranin, and with borax carmine. 

It has already been stated that examination of the ovary during the 
spawning season reveals the presence of eggs in various stages of develop- 
ment. Observers have differed somewhat in the classification of the 
smaller eggs, but a convenient division of those found in the ovary of a 
species in which they are pelagic may be stated as follows :—(1) The 
fully mature, large, free, transparent eggs in which the germinal matter 
has separated from the deutoplasm and forms a cortical layer enclosing 
it; (2) smaller opaque eggs, still contained within the follicle, with a 
relatively thick egg-membrane, distinct yolk-spherules and germinal vesicle; 
(3) small transparent eggs which exhibit a conspicuous spherical or ovate 
nucleus with a mantle of protoplasm, and which are destitute of yolk. 
This classification does not include the minute ova as they arise from the 
germ cells, but it comprises all those from the period when they can be 
distinctly recognised as possessing a nucleus and a protoplasmic layer to 
the time when they are ready for extrusion and fertilisation. In some 
species there is no sharp line of demarcation between the second and third 
stages so far as size is concerned—that is to say, one may trace a pretty 
regular gradation from the small yolkless eggs to the largest yolked eggs, 
as in the whiting and gurnard; in most other forms the demarcation 
between the yolkless and the yolked eggs is marked as maturity is 
approached. As already indicated, these conditions are associated 
with the length of the spawning season. 

In dealing with the growth of the intra-ovarian eggs, I shall not 
deal at any length here with the earlier stages before the deposition 
of yolk begins. My observations agree on the whole with those 
of Scharff* and, especially, Cunningham.t The smallest eggs were 
found in the ovary of a haddock (caught on 15th August) along 
the margin of the lamelle, at their distal ends, or forming digital 
ingrowths into the stroma. (Plate I, Figs. 1, 2.) In some cases they 
resembled polynucleated masses, hundreds of minute eggs, measuring from 
about 0°014mm., being crowded together, with an extremely thin layer of 
protoplasm between. At this stage the nucleus contains numerous small 
nucleoli, not arranged around the periphery, but scattered irregularly 
throughout its substance, and subequal in size; a coarse network can 
also be seen, and some of the nucleoli at least are obviously of the nature 
of net-knots or karyosomes. In eggs a little larger, ranging about 
0:035mm., the nucleus is surrounded by a zone of coarsely granular 
protoplasm which stains very deeply; it contains numerous highly- 
stained nucleoli, one or more of which may be, but is not always, 


* Quart. Journ. Micr.[Sci., Vol. xxviii., p. 53. 1888. 
t Ibid., Vol. xl., p. 101. 1897, 
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larger than the others; and there is a tendency for the nucleoli to ‘be 
disposed peripherally. This condition was found in the haddock, 
whiting, lemon sole, plaice, gurnard, common dab, and eel. In the 
last the presence of usually one, but sometimes two or three very 
large nucleoli, highly stained and refringent, is obvious (Fig. 6, Pl. 1.) ; 
for example, in an ovum measuring 0°08mm., the germinal vesicle of 
which had a diameter of 0°043mm., the germinal spot measured 
0:020mm. In the lemon sole two or three similar large nucleoli were 
sometimes present, but much smaller relatively than in the eel. In the 
John Dory (Zeus faber) there are also present one or two large refringent 
highly-stained nucleoli, containing a still brighter point or granule in the 
interior. In sections of the ovary of a sole containing mature eggs, and 
stained with hematoxylin, saffranin, and eosin, the small ova, measuring 
about 0‘8mm., had in many cases two, and sometimes three, nucleoli 
larger than the others. In this preparation the intra-nuclear network is 
well seen, its appearance under a high power indicating a coarse network 
with large meshes extending equally throughout the nucleus, 

In eggs a little larger, from about 0°09 to 0'18mm., a marked feature 
is the very general disposition of the nucleoli around the periphery of 
the germinal vesicle, which has at this time a distinct membrane, smooth 
and regular in outline. It is also relatively large, and its sharp, distinct 
contour suggests a swollen condition. In the sections of the ovary of 
an immature haddock, caught in July, which was hardened in picro- 
sulphuric acid, the ova range in size from 0-08 to 0'16mm., and possess 
the following characters :—The germinal vesicle is relatively very large, 
and may measure as much as 0'1lmm. in an ovum of the largest size 
stated. It is spherical, has a definite, quite smooth, regular contour, and 
the contents, which have not shrunk from the membrane at any part, 
are greyish and unstained, and under a high power show a finely granular 
appearance. The nucleoli are subequal in size, and are disposed at fairly 
regular intervals in close contact with the nuclear membrane, and 
frequently flattened against it ; they number from six or seven to over 
twenty in a section, and are relatively very small compared with the 
germinal vesicle. The protoplasm around the latter is highly stained, 
and shows the usual granular or reticulated appearance, and yolk 
granules are absent. In the ovaries of an immature common dab, caught 
on 2nd August, and presenting much the same general appearance, the 
ova reached a size of 0°162mm. The germinal vesicle and nucleoli 
resembled those of the haddock, but among the larger eggs the outline 
of the former was less sharp and pronounced, and was somewhat wavy 
or irregular, and at certain points towards the periphery yolk-granules 
were present. In the ovaries of a gurnard, caught on 10th October, and 
in which degenerating eggs were present, the ova at this stage showed 
the granular zone sharply marked off. In the haddock previously 
referred to, which was caught in August and had previously spawned, a 
narrow granular zone at the periphery was evident in eggs 0°19mm. in 
diameter, and the germinal vesicle and nucleoli had the same character 
and disposition as in the immature haddock. In an immature whiting, 
caught in July, the largest eggs measured 0'13mm. ; the germinal vesicle 
was large and sharply defined, the nucleoli peripheral, and no yolk- 
granules were present. In the ovaries of a plaice, caught on 20th 
September, in which the large yolked eggs for the next spawning reached 
about 0°58 mm., and made up the great mass of the organ, the smaller 
egos showed the same condition of the germinal vesicle, the nucleoli 
being disposed around the margin in close apposition to the membrane, 
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I have stated that I examined large numbers of the eggs in the fresh 
condition, and I may here describe the appearance of some of the smaller 
ones. In specimens corresponding to the sizes I have been dealing with, 
the germinal vesicle is very prominent, and the nucleoli conspicuous as 
highly refringent faintly greenish bodies, appearing rather larger than in 
mounted sections. In some cases in which the nucleus was isolated, its 
surface was knobbed by the projecting nucleoli. The features were most 
carefully studied in the eggs of the Norwegian topknot (Zewgopterus 
norvegicus), caught on 25th April. In an egg measuring 0°06mm., and 
magnified 360 diameters, only one nucleolus was observed, which was 
very large and conspicuous, and on focussing downwards it presented 
optical alternations of light and shade suggesting an irregular pyramidal 
form. Near the nucleus were two bright points, probably droplets 
of oil. In eggs somewhat larger (0°13 to 0°16mm.) the cytoplasm 
showed very distinctly the division into two zones described by 
Ransom,* Scharff,t Bambeke,t and others, the inner zone being 
darker and exhibiting a coarsely reticulated structure, and the outer 
zone lighter, with a fainter reticulated appearance. The _intra- 
nuclear network is visible, and around the nucleus in the inner zone 
several bright points are present, which are probably oil. In eggs still 
larger, measuring from about 0°19mm., the inner zone is seen to be 
occupied by a great number of minute refringent globules, which are 
also scattered over the surface of the germinal vesicle. At earlier stages 
the appearance of the ovum does not specially indicate, in these fresh 
specimens, a spherical form; but now this is a marked feature, the 
germinal vesicle, which is large, measuring sometimes half the diameter, 
stands out boldly as a translucent globe encompassed by a gradually 
darkening ring, which obscures its periphery and shades off into the 
lighter area towards the margin of the egg. The dark part of the ring 
may measure about 0°02mm. This condition becomes more obvious in 
larger eggs, the germinal vesicle becoming quite obscured by the 
prominent globules, which are obviously of an oily nature, and vary 
considerably in size. 

On examining a section from the same ovary (which contained fully 
mature eggs), hardened in picro-sulphuric acid, and stained with hema- 
toxylin, saffranin, and eosin, the minute ova, about 0°06mm., show the 
usual highly-stained protoplasm around the nucleus, but I was unable to 
detect the large conspicuous nucleolus seen in the fresh egg. The nucleus 
under a high magnification (Zeiss, 4mm. apochr. oc. 12) shows a coarse 
intra-nuclear network with a finely granular lighter matrix ; nucleoli are 
by 10 means conspicuous, and are difficult to discriminate from nodes in 
the network. In larger eggs, from about 0:16 mm., the cytoplasm around 
the germinal vesicle was vacuolated, empty spaces of very various sizes 
existing in the protoplasm. The vacuolation in those in which it is least 
marked is not quite in contact with the germinal vesicle, but a slight 


distance from it ; but in eggs a little larger it is close up to it, and extends 


for some distance into the cytoplasm. 

This condition is due to the early formation of oil-globules in the 
peri-nuclear zone. It has been described in the eggs of the eel by 
Owsiannikow§ and Williamson,|| in those of Mierasfer by Emery, and 
most fully by Cunningham** in the eggs of the gurnard, brill, turbot, and 
sole. . I have also found the condition present in the species mentioned 


* Op. cit. + Op. cit. } Arch. de Biologie, xiii., p. 88. 1893. 
§ Mem. l’ Acad. Imper, des Sci. de St. Petersburg, vit. ser, Tome xxuiii., No. 4, p.28. 1885. 
| Thirteenth Annual Report Fishery Board for Scotland, Part iii., p. 192. {] Op. cit. 


** Quart, Journ, Micr, Sci,, Vol. xl., p. 101. - 
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by Cunningham, in the eel, and in the fresh eggs of the angler, the John 
Dory, the red gurnard, the ling, the catfish, and the topknot, while in 
sections of the grey gurnard, red gurnard, dory, cat-fish, topknot, 
and eel the germinal vesicle is surrounded by a zone of vacuoles. 
Cunningham has shown that the vacuolated condition in mounted 
sections is owing to the oily matter having been dissolved in the 
process of preparation; and he also states that the condition above 
described is characteristic of eggs which possess one or more oil-globules 
when mature, a conclusion at which I had also arrived.* It is a very 
conspicuous feature in the smaller fresh eggs of the catfish (Anarrhichas), 
in which, on slight pressure under the cover-glass, the germinal vesicle is 
seen with a low power to be encircled by a narrow, very dark, almost 
black, well-defined ring, and in sections the vacuolated appearance is well 
seen. The condition in the young fresh eggs of the angler is shown in 
Fig. 10, Plate II., but it will be noticed that in sections of the larger 
egos the peri-nuclear vacuolation is not at all obvious. The formation of 
the oil-globules in the young eggs of the John Dory is represented in 
Fig. 2, Plate III., and the vacuolation in the older eggs in Figs. 10, 11. 
Sections prepared from an immature ovary of the angler, hardened in 
platino-osmic mixture, imbedded in paraffin, and mounted in Canada 
balsam, still retain traces of the blackened oil. 

The oil-globules around the germinal vesicle in the fresh egg, or the 
vacuolated condition in the mounted sections, is absent in the following 
species :—Plaice, common dab, long rough dab, lemon dab, witch, 
haddock, whiting, bib, flounder, halibut, and saithe—and the mature egg 
in all these species is destitute of an oil globule. It would thus appear 
that the examination of the immature ovarian eggs of a species is sufficient 
to indicate the presence or absence of an oil-globule in the mature egg. 
The early formation of oily droplets in the cytoplasm around the germinal 
vesicle, before the yolk deposition commences in the periphery, is of 
interest. It is probable that the chemical relationship between the 
protoplasm and the oleaginous matter is closer than that between the 
protoplasm and the more highly differentiated yolk-spherules. In the 
retrogressive changes which occur in the protoplasm of the mature egg 
after death, an early feature is the formation of oily-looking droplets, 
The oil-globules flow together when the watery fluid enters at maturation, 
to form usually a single sphere. They have no relation to the floating of 
the egg, and they probably represent a food substance which is present in 
another form in the eggs of allied species which do not possess an oil- 
globule. 

The next feature in the growth of the egg is the formation of the 
yolk, which begins to appear as a peripheral zone of granules in eggs of 
about 0'2mm., the size varying a little in the eggs of different species. 
As the egg grows in size the yolk-spherules become more distinct, 
and their formation extends inwards to the wall of the germinal 
vesicle in those forms which do not possess a peri-nuclear zone of 
oil-globules. In species whose eggs are pelagic the constitution of 
the yolk-spherules appears to be essentially similar, so far as their 
microscopic appearance is concerned, They are of very different sizes in 
the same egg, and may range from about 0:02mm,. in diameter in the 
large eggs of the plaice down to extremely minute granules. The larger 
spheres appear to be vesicular, with finely granular fluid contents ; some, 


* The presence of numerous peri-nuclear oil-globules in the ovarian egg of the 
common eel points to the existence of one or more oil-globules in the mature egg. It 
would therefore appear that Grassi’s identification of Raffaele’s undetermined species 
No. 10, which is devoid of oil-globules, with Anguilla vulgaris, is very doubtful. (Vide 
Quart. Journ. Micr. Sci., Vol. 39, Part 3, p. 382.) 
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however, appear quite clear, and may possibly be of an oily nature. If 
the spherules be treated with dilute acetic acid the contents rapidly 
flow together into minute vesicles, which coalesce, the granules dissolving 
and becoming invisible, while the spherule is indicated by an optical ring 
which unites with other rings in contact with it. A 5 per cent. solution 
of acetic acid dissolves the contents instantaneously. 


In species with demersal eggs the yolk-spherules are both larger and 
of somewhat different character, being much more solid and granular. 
In the eggs of the angler they may reach a size of 0°08mm., and they 
are markedly granular in character. In spirit specimens under a high 
power the spherules appear to be full of solid-looking refringent spheres 
with an irregular margin, which sometimes appear as angular crystalline 
bodies of high refrangibility. In the egg of the John Dory the larger 
spherules may measure 0°05 in sections, and they are full of very dark 
granules in the fresh state and exhibit an irregular margin. In sections 
the spherules take on a deep stain, and appear as conspicuous aggrega- 
tions or concretions of smaller spherules, so that they have a mulberry- 
like appearance (Fig. 11%, Pl. III.). This ditference in the character of 
yolk-spherules in pelagic and some demersal eggs is shown in other ways. 
Thus, the yolk in the latter is, as a whole, much more resistant to 
pressure, and after hardening it is difficult to cut, 


As the formation of yolk proceeds, the protoplasm diminishes in 
amount, and ultimately it is represented by a delicate film between the 
spherules, which collectively looks like a network in sections, stains com- 
paratively slightly, and is continuous with the cortical layer externally, 
and with the wall of the germinal vesicle internally. This interstitial 
protoplasm between the spherules is in much greater abundance in 
demersal than in pelagic eggs. The largest spherules, as a rule, are 
situated about midway between the germinal vesicle and the zona 
radiata—that is to say, in the zone where they are first formed—and it 
is obvious that each spherule grows by additions to its substance. With 
a high power a thin double contour may be made out in certain sections, 
from which the granular contents have retracted (Fig. 4, Pl. III.). 


In the course of the examination of my sections I endeavoured 
to ascertain the presence of a yolk nucleus, or of chromatic sub- 
stance, in the cytoplasm, such as have been described in the eggs 
of Teleosteans by many observers. In many young ova examined 
in the fresh condition I detected occasionally a highly refringent 
granule in the cytoplasm, having a faintly greenish hue like the 
nucleoli in the fresh state, but it may have been a particle of 
another nature. In sections of ovaries of fishes with pelagic eggs the 
yolk nucleus is not commonly seen, but two conditions were occasionally 
found in the cytoplasm of eggs in which the yolk had either not begun 
to form, or where it was represented by a narrow peripheral zone. In 
some cases a minute highly-stained body, not larger than a nucleolus, 
was present, the protoplasm around it not being vacuolated or differen- 
tiated. In other cases the condition was different, the yolk nucleus being 
surrounded by a clear zone, and sometimes irregularly shaped or stellate, 
the rays passing into the protoplasm, and being apparently continuous 
with the reticulum. In none of my sections is the vitelline body so 
common or conspicuous as in those of Lophius (Fig. 12, Pl. II.). The 
origin and function of the vitelline nucleus in the cytoplasm of young 
eggs are of much interest. Bambeke has described the elimination of 
chromatic substance from the eggs of Scorpena, and has discussed the 
various interpretations that have been assigned to the presence of such 
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bodies in the cytoplasm.* He represents in a series of figures the 
appearances he found in sections of the young eggs, which show in most 
cases the eliminated chromatic substance in the form of threads connected 
with the chromatin within the germinal vesicle. He had previously 
given an account of the vitelline body in the demersal eggs of several 
species.t In 1893 Henneguyt described the occurrence of the vitelline 
nucleus in the eggs of a number of osseous fishes belonging chiefly to the 
demersal group, especially in Syngnathus, and in the following year 
Hubbard described it carefully in the eggs of a viviparous American fish 
( Cymatogaster ), in which he found that it continued until the closure of 
the blastopore.§ More recently Cunningham has given an account of 
its presence in teleostean eggs.|| The true function of the vitelline 
nucleus has been much discussed. ‘Two things are significant in connec- 
tion with its appearance in the cytoplasm. One is the fact that it 
precedes the formation of yolk-granules in the peripheral zone to which 
it moves. The other is the fact that it is more commonly to be observed 
in demersal eggs, in which the yolk is more concentrated, than in pelagic 
eggs, and that then more than one may exist. 

Some observations which I have recently made, most fully on the 
eggs of the angler and John Dory, are of some interest in connection with 
the elimination of chromatic substance from the germinal vesicle. They 
may be given here, although I have been unable, for want of time, to make 
drawings illustrating all the points described, which I hope to do later, 

In Lophius, as elsewhere described (page 125), the minute ova 
are to be found at the base of the ovigerous pouches. In sections of the 
ovary of a specimen caught on 5th March, hardened in platino-aceto- 
osmic mixture and stained with hematoxylin, saffranin, and eosin, and in 
which the largest eggs in a pouch measure about 0°109mm., the most 
minute eggs at the base measure about 0°0056mm. ‘They are not much 
larger than the rounded cells seen in the epithelial layer, which measure 
from 0:0035 to 0:0042mm., and they present precisely the same appear- 
ance when examined with Zeiss’ 2mm. oil-lmmersion and compensating 
ocular 6; that is to say, they are clear vesicles, with a minute but con- 
spicuous, brilliantly stained (red) spherical nucleolus placed in the centre, 
or somewhat excentrically, a scanty network that cannot be well seen, and 
no protoplasm around. In thosea little larger, measuring about 0°007mm., 
the nucleolus measured 0°0018mm., and the network could be more dis- 
tinctly traced in the form of a few, relatively thick, granular threads 
radiating from the nucleolus and showing at points slight thickenings of 
the nature of karyosomes. The threads are very few compared with later 
stages, and they are also thicker; from three or four to about a dozen 
may be seen passing from the nucleolus, sometimes in a radial manner, 
like the spoke of a wheel; and on focussing the periphery the thicken- 
ings appear as dots radially disposed around it. There is still no 
cytoplasm. | 

In eggs a little larger, measuring about 0°0098mm., the network is 
seen to have considerably increased, but the meshes are still wide; the 
prominent nucleolus has disappeared, and in its place numerous more 
minute, red-stained karyosomes are to be observed at intervals throughout 
the network; the condition suggests that the nucleolus has melted or 
become diffused. In eggs a little larger, from about 0'‘01lmm., a very 


* Elimination d’éléments nucléaires dans ]’ceuf ovarien de Scorpena sorofa.—Arch. de 
Biol, xiii., p. 88. 1893. 

+ Bull. Acad. des Roy. Sct. Bruwelles, 3 Ser., Tom. vi., p. 8438. 18838. 

} Jour. del Anat. et dela Physiol., N.S., Vol. xxix., p. 1. 1898, 
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delicate, filmy-looking layer of protoplasm may be detected outside the 
germinal vesicle. In the great majority of cases this is aggregated at one 
side of the germinal vesicle, or rather at one end, for it is usually now 
somewhat ovate. The vetwork has still further increased in abundance, 
the threads, however, are more slender and not so coarse-looking; there 
are numerous minute karyosomes, and in some cases a few small nucleoli 
can be seen at the periphery, in the position and with the appearance of 
those which are always afterwards so conspicuous in the teleostean egg. 

But the most striking feature about the eggs is the presence in the 
primitive cytoplasm of brightly-stained granules, presenting precisely the 
same appearance as the nucleoli within the germinal vesicle. I was at 
first puzzled by them ; an egg would appear a little larger than those of 
which I have been speaking, with a number of what appeared to be 
nucleoli lying free around it, the cytoplasm itself being scarcely visible. 
I was able to trace this condition through whole series of eggs up to those 
0'03mm. in diameter, and to trace the presence of a multitude of stained 
particles in eggs very much larger. For example, in an egg measuring 
0:02l1mm. by 0:0126mm. the cytoplasm was aggregated at one end in a 
layer 0°006mm. thick, slightly stained, and chiefly with hematoxylin, 
and it contained a large number—between thirty and forty in the section 
—of bright red granules exactly similar in size and appearance to the 
nucleoli. The germinal vesicle contained the network described, more 
abundant than in the smaller eggs, far less so than in those of larger size, 
with numerous minute karyosomes, and with seven or eight small nucleoli, 
mostly aggregated at the end where the cytoplasm was. In another egg, 
measuring 0°03mm. by 0:024mm., the cytoplasm was also chiefly collected 
at one end, but formed a distinct layer all around the germinal vesicle, 
which measured 0°0196mm. by 0°0168mm.; the small follicular cells were 
becoming flattened against, and attached to, the periphery. The germinal 
vesicle, compared with the cytoplasm and previous stages, was markedly 
achromatic and clear; the network had increased in abundance, aid was 
formed of fine granulated threads with minute karyosomes, and with a 
few very small inconspicuous nucleoli at the periphery. The cytoplasm 
was pretty deeply stained bluish purple ; and it contained a large number 
of the brightly-stained red granules, now somewhat irregular in shape, and 
uniformly distributed throughout it; there were also present two or three 
intensely biack points—oil droplets which had been blackened by the 
osmic acid. In some eggs about this size, and in those a little larger, the 
network within the germinal vesicle appeared to be differentiated into 
two classes of threads, finely granular and rather coarser with thickenings ; 
or it may be merely that the aggregation of chromatin granules on some 
of the threads was greater than on others. 

In larger eggs, measuring about 0°09mm., with the germinal vesicle 
about 0°047mm., the network of granular threads has increased in amount, 
and the nucleoli are more conspicuous than in the earlier stages. Towards 
the centre of the vesicle there are more marked fibrils indistinctly seen to 
be composed of stained granules as in the later stages described below, 
and also minute free chromatic granules in the neighbourhood. The ap- 
pearance of the cytoplasm isinteresting. The chromatic granules present 
in it are exceedingly numerous—several hundreds may be seen in a sec- 
tion of such an egg. Around the germinal vesicle there is a layer of them, 
and they also tend to be aggregated at the periphery of the cytoplasm, 
but throughout the whole of it they exist in numerous pockets, clusters, 
and strings. The intervening portions of cytoplasm are very finely granu- 
lar and stained purplish, while the granules themselves are red, but not 
the brilliant red of the earlier stages; the spaces between the granules, 
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and in a cluster immediately around them, are clear and unstained, 
suggesting either shrinkage, or more probably fluid that does not stain. 
These chromatic particles may be more or less rounded in form, or, usually, 
somewhat angular or irregular, and their size varies considerably. The 
larger measure about 0°001mm., but most of them are under 0.5u; those 
around the germinal vesicle are small. They are coarser in the smaller 
eggs. This condition of the cytoplasm is very well shown in the small 
eggs in sections of an ovary containing nearly ripe eggs preserved in picro- 
sulphuric acid, and stained with eosin, rubin, and orange. The germinal 
vesicle shows the usual granular network, the nucleoli are flattened 
against its wall and are stained dark indigo blue, and throughout the 
cytoplasm, here shown finely reticular, are hundreds of rounded granules 
of various sizes stained precisely like the nucleoli. 

For example, in an egg in this section, measuring 0°126mm. by 
0°098mm., the germinal vesicle measuring 0°042mm. by 0°049mm., the 
nucleoli were about a dozen in number, ranging from about 0°002 to 
0:0035mm., and all flattened against the membrane. In the germinal 
vesicle, distinctly visible in the rather achromatic network, was a coil of 
minute chromatic granules, the coil being 0°0112mm. in breadth, and free 
chromatic granules lay close to it. The whole of the finely reticulated 
cytoplasm was charged with minute, conspicuous granules, stained very 
dark like the nucleoli, and of various sizes, the largest measuring about 
0:0018mm, Lying close around the germinal vesicle, the section of whose 
membrane was very distinct but very thin, there were many of the 
granules of the larger sizes, sometimes in little clusters; but they were 
not limited to this position. At the periphery of the cytoplasm at 
one part, where the zona was not in contact with it, the stained granules 
could be well seen sticking to the somewhat flocculent-looking ground 
substance. 

I was also able to trace the formation of the yolk-nuclei in some of the 
eggs. I have already said that these bodies are very common in sections 
of young eggs of the angler towards the periphery, and at the stage re- 
presented in Fig. 12, Pl. IL, when examined with high powers, they ap- 
pear rather as condensations of the cytoplasmic substance, with an 
indefinite, diffuse, woolly-looking margin. In some of the smaller eggs 
above described, ] found that they were composed of a nest of chromatic 
granules, formed either near or far from the germinal vesicle indifferently, 
and I found various stages, from an aggregation of distinct granules to 
an irregular ball, in which indication of the components could only be 
made out with ahigh magnification. The yolk-nuclei in these cases are 
formed by the coalescence of chromatic particles. 

In sections of the ovary of a John Dory, fifteen inches long, 
caught on 22d July, preserved in picro-sulphuric acid, and 
stained with eosin, saffranin, and hematoxylin, the same conditions 
were observed :--Minute ova, with a single bright nucleolus and 
scanty coarse network, sometimes stellate, and no cytoplasm; larger, 
with a more abundant network, nucleoli and karyosomes, and the primi- 
tive cytoplasm charged with chromatic particles ; and in those somewhat 
larger, the presence of more prominent granular fibrils in the germinal 
vesicle. But in the dory the nucleoli are relatively larger and more 
numerous, and the primitive chromatic cytoplasm is pushed outwards by 
the growth of more finely granular less stained cytoplasm around the 
germinal vesicle, so that it forms a deeply-stained ring at the periphery 
of the egg, It isin this that yolk formation begins, In sections of the 
ripe ovaries of the herring (caught on 28th January, and preserved in 
the same way), the smaller eggs showed the same condition as in the 
dory. For example, an egg 0'07mm., with a germinal vesicle 0°042mm., 
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showed a very highly-stained peri-nuclear zone, a large number of very 
prominent nucleoli attached to the membrane, and a network containing 
fibrils with chromatic granules attached, and free granules, some as large 
as the smallest of the nucleoli, lying near them. 

The same condition of the primitive peri-nuclear protoplasm has been 
observed in the small eggs of the catfish, solenette, sole, plaice, Zewgop- 
terus and Gadus luscus. 

In the eggs of the dory which have reached the size and condition of 
the specimen shown in Fig, 10, Plate ILI., and in which yolk is formed, 
the appearance of the germinal vesicle shows that the process of differ- 
entiation has gone a stage further. The germinal vesicle of such an 
egg, measuring 0°013mm. by 0°009mm., is shown in Fig. 14, and it 
will be observed that the nucleoli are large, deeply stained, numerous, 
and nearly all peripheral. Scattered throughout its whole substance, 
which appears somewhat dense and finely granular, there are a 
large number of free, spherical, brightly-stained granules. The largest 
of these measured scarcely 0°002mm. (while the smallest “ nucleoli ” 
measured 0:'004mm.), and the great majority measured less than 
0:0005mm. These free granules resemble closely the chromatic granules 
in the primitive peri-nuclear protoplasm of young eggs. 

The most striking feature, however, is the presence of quite distinct coils 
or loops of chromatic, spherical, equal-sized granules, or chromosomes, 
placed near the centre of the germinal vesicle. Whether, in the complete 
form, it is arranged as a spireme or in scattered loops and chains, I cannot 
say. The granules in appearance and staining are precisely similar to the 
smaller free granules in the karyoplasm. The area occupied by the coil 
is about 0°05mm. in diameter. The convexity of the loops is, as a rule, 
towards the periphery. The longest chain that could be traced continu- 
ously measured 0:024mm.; it was composed of about 25 granules ; with 
one or two slight interruptions, where it was possibly cut through, it 
could be traced for a distance of about 0‘07mm. The larger of the free 
granules, with a few nucleoli, were chiefly aggregated in this area. The 
chromosomes are not at all feathery, as Cunningham has described in 
some forms, but distinctly moniliform. The karyoplasm in the neigh- 
bourhood of the chromosomes is clearer than elsewhere. 

In somewhat smaller eggs (Fig. 9, Plate III.) the mass of the germinal 
vesicle is made up of a reticulum of finely granular threads, but in vari- 
ous parts throughout it more coarsely granular threads can be seen, and 
here and there a chain of four or five larger granules exists. Free 
stained granules are also dispersed throughout the karyoplasm, and some 
minute nucleoli may be present towards the centre. 

In eggs about 0:1lmm. the same condition is shown; the moniliform 
threads can only be distinguished from the granular (linin) threads by 
somewhat greater size and conspicuousness, and they appear to be in the 
form rather of a branching reticulum than in loops or coils. Free 
granules are also present. In eggs still smaller the moniliform threads 
cannot well be distinguished from the granular threads. 

What is the interpretation to be placed upon the phenomena I have 
described? It is, I think, clear that chromatic substance is manufactured 
in large quantities in the germinal vesicle, and that it passes out into the 
cytoplasm. In the young eggs of the angler the primitive single 
nucleolus appears to liquefy and to become diffused along the threads of 
the scanty network to form karyosomes; many of these, as they increase 
in size, become free nucleoli flattened against the vesicular membrane, 
and a very great deal of chromatic substance passes out into the 
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cytoplasm, which at first consists largely of chromatic particles. There 
appears, in short, to be an exodus of chromatic granules into the peri- 
nuclear zone, and the function of this elimination of chromatin must 
surely be in connection with the formation of yolk. The primitive ovum 
has two chief functions—to preserve the chromatin of heredity, and to 
produce the cytoplasm, in which the yolk is the chief constituent. The 
amount of chromatic substance present in the germinal vesicle is far 
greater than what is required for the egg-nucleus and the polar bodies. 
The eliminated chromatin does not come from the nucleoli, unless, 
possibly, but not probably, in the primitive eggs. I have seen nothing to 
indicate a “ budding” from nucleoli, or from the germinal vesicle, as 
some observers have described ; nor anything resembling a fusion or divi- 
sion of nucleoli. The nucleoli seem to grow as independent bodies from 
chromatic ‘‘ granules”; whether or not also by fusion of minute granules, 
I cannot say. At the close of the growth of the ovum we shall see that 
they break up into a large number of chromatic granules. 

It seems to me that, as the egg grows in size, the manufacture of 
chromatin is chiefly restricted to a certain part of the reticulum, at or 
near the centre of the germinal vesicle, namely, at the loops described, 
and that the particles formed move outwards, some probably to form 
nucleoli, others to pass into the cytoplasm. At the close of ovarian 
growth the chromosome loops or spireme is very much smaller, and not 


more highly stained (Fig. 7, Plate III). 
THe Larce Opaque Eaes. 


I now proceed to consider the large opaque eggs shortly before they 
undergo the translucent enlargement at maturation and acquire the 
peculiar characters that distinguish the ripe pelagic ovum. Large 
numbers belonging to various species were examined in the fresh state, 
and also in stained and mounted sections. The egg-membrane, or so- 
called zona radiata, when freed from its follicular investment, presents 
much the same character in them all, consisting of a clear translucent 
layer that varies in thickness in different species. In demersal eggs it 
is generally thick and tough, usually of two or more layers, and it may 
possess tubercles and other processes on its external surface. It is very 
thin in the flounder and dab, and much thicker in the plaice and cod. 
Up to the period of maturation the egg-membrane appears to increase in 
thickness with the growth of the egg, but measurements in mounted 
sections cannot always be trusted owing to the fact that re-agents act 
upon it, and may alter it considerably. The addition of a 5 per cent. 
solution of acetic acid swells up the egg-membrane instantaneously, and 
softens it so much that the contents break through ; a strong solution of 
common salt acts in the same way, but much more slowly. The mem- 
brane of plaice eggs may swell to a thickness of 0°2mm.—many times 
more than the normal thickness—in a short time. 

The egg-membrane may present differences in markings as well as 
differences of thickness in various species. The markings are usually of 
two kinds, both of which are generally found together. One consists in 
the very common presence of wrinkles or creases, which exhibit anasto- 
mosing or convoluted irregular ramifications on surface view, and can be 
shown by careful focussing to be elevations or depressions in the 
substance. The second condition consists of very minute dotting or 
punctation, which may be arranged in more or less radial lines. In the 
mature egg of the plaice I have found this dotted pattern to be limited 
to an extremely thin superficial pellicle, which may spontaneously 
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separate from the outer surface of the zona radiata as a delicate lamella 
in specimens which have been softened in water. I have also observed 
it sometimes in carefully rupturing the large mature living eggs, by 
pressure, as a thin lamina pushed out in lenticular fashion by the yolk 
oozing from the rupture in the subjacent membrane, and gradually 
stripped from the latter;as the escaped yolk increased in quantity. This 
superficial pellicle probably represents a membrane upon which the 
pavement of follicular cells rests, and the minute dots may possibly 
be due to depressions caused by the follicular cells. They are certainly 
not, what some observers have apparently thought, the outer openings of 
radial canals ; although in optical section, with moderate powers, the 
presence of these minute dots arranged in lines may simulate fine 
striations passing through the zona radiata. 

The structure of the egg-membrane proper, the so-called zona radiata, 
has been much discussed. For reasons which will shortly be given, it 
appears that in the substance of the zona of pelagic eggs numerous creases 
or plications exist. In the opaque egg, before the mechanical expansion 
at maturation takes place, the sides of these plications or creases are in 
contact, but when the egg becomes distended to three or four times its 


-previous size, they are stretched and separated, in much the same fashion 


as occurs in the expansion of the walls of a concertina when it is drawn 
out ; in the egg, however, the plications are irregular. The question of 
whether the zona possesses fine pores or radial canals has been much 
disputed, but it is unnecessary to enter into the discussion here ; a pretty 
full discussion of the subject is given by Brock* and by Eigenmann.t A 


radial appearance may be frequently seen in the membrane of pelagic eggs 


examined in optical section, with moderate powers, but in many cases at 
least it is due to the radial lines of dots described above. In mounted 
sections of the immature eggs of the sole, lemon sole, gurnard, and solenette, 
radial striation is obvious (Fig. 7, Pl. I. ), but in most species it cannot be 
discerned, although a fibrillated appearance is not uncommon. The 
existence of radial porous canals in the zona of pelagic eggs appears to me 
to be unproved, although many facts show that the membrane, like other 
animal membranes, is porous. 

The question whether there is more than one layer i in the egg-membrane 


of pelagic eggs has also been disputed, although most observers are agreed 


that there is not. In demersal eggs two or more layers usually exist 
(Figs. 16, 17, Pl. I.; Figs. 10,11, PL IIL). Sars described several lamellz 
as existing in the capsule of the cod’s egg,t but he has not been followed 
in this opinion. The superficial lamella in the egg of the plaice has 
been referred to, and it probably is present in the eggs of other species 
in which the dotted pattern exists; but this condition is of little 
importance, although it may be the homologue of the outermost of the 
two layers of demersal eggs. But there is another membrane normally 
present, I believe, in both pelagic and demersal eggs, which is no doubt 
of functional importance. I refer to an extremely delicate membrane 
which encloses the vitellus, and which clothes it after the formation of 
the perivitelline space, and therefore separates it from the perivitelline 
fluid. Such a vitelline membrane has been described by several 
observers, though its existence is usually denied. Ransom mentions it 
in the egg of the stickleback as “a delicate, colourless, translucent, 
homogeneous membrane,” which he called the “inner yolk-sac,” his 
“outer yolk-sac” being what is usually known as the zona neres It 
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has also been described by Vogt in the eggs of Coregonus* by Oellacher 
in the eggs of the trout,? and by others. Among pelagic eggs, Scharff 
found it in sections of the gurnard }, but only in the young eggs, and 
Calderwood has described it in a section of the egg of the sole.$ 
Eigenmann || thinks its existence to be unproved. 

I am able to affirm its existence in the eggs of Gadus ceglefinus, G. 
virens, and Pleuronectes flesus. In dealing with fresh (opaque) eggs 
under pressure it was sometimes revealed as a delicate pellicle projecting 
from a rupture in the capsule, bounding and retaining the protruding 
yolk (Fig. 8, Pl. 1.), and then bursting and emitting the yolk with a 
rush on the slightest increase of pressure. At other times, on diminish- 
ing the pressure, the yolk would be partially sucked back within the egg, 
and the walls of the protruding membrane were then well observed (Fig. 9 
Pl. I.). In certain other cases it could be seen within the zona when the 
yolk had separated from the latter (Fig. 10). Usually it was ruptured 
with the zona radiata and not distinguished. I have not been able to 
satisfy myself of its presence in mounted sections. It is not a mere 
condensation of the surface of the vitellus, at all events morphologically, 
whatever it may be in origin. Under a high power this membrane 
appeared to be quite homogeneous, and showed a faint double contour. 
Its function is no doubt of importance in the mature egg after it has 
been shed, and the perivitelline space formed between the zona and the 
vitellus by the imbibition of sea water. It will then intervene between 
the sea water and the periblast. Probably, although I have no observa- 
tions on the point, this vitelline membrane is continuous with the inner 
margin of the micropyle before the formation of the perivitelline space. 
In the living fertilised egg of the flounder, at an early stage, I was able 
to trace it, quite distinct from the periblast, up over the edge of the 
blastodisc, where it was lost on the surface of the latter. In some eggs 
of the same species after death, when the cortical protoplasm had begun 
to retract, as it always does in dead eggs, from the zona radiata, the 
delicate membrane was carried with it and was thrown into wrinkles in 
the neighbourhood of the blastodisc, the lines converging towards the 
latter in a radial manner, and sometimes passing over the edge of the 
blastomeres. I cannot but think that further investigation will show 
the existence of this membrane in other pelagic eggs. It may best be 
shown by the patient examination of fresh specimens under pressure. 

With regard to the yolk in the large opaque eggs, there is nothing to 
add to what has been already said. The yolk-spherules form the great 
bulk of the egg. In fresh specimens under pressure they may be watched 
escaping with the fluid matrix in which they are imbedded ; the applica- 
tion of heat or of hardening agents coagulates this fluid, in which case 
the spherules are observed to be attached to and imbedded in the granular 
or flocculent colloid substance. After treatment with strong solution of 
common salt, the contents come out in a clear, syrupy, coherent stream. 
As has been said, the interstitial matter in demersal eggs is larger in 
amount and less fluid that in pelagic eggs. 

The germinal vesicle is large and central ; I have never observed it 
markedly excentric in the pelagic ovum, In the fresh condition it is 
globular, or it may be somewhat ovate, and smooth, but in sections it 
usually appears irregular in outline, or even stellate, apparently from 
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alteration by the action of the re-agents. In these cases the rays may 
often be traced passing into the protoplasmic network lying between 
the yolk-spherules. This is well shown in some sections of the ovary of 
the plaice, fixed with 5 per cent. solution of nitric acid (Fig. 5, Pl, I.). 
The nuclear membrane in such cases is frequently indistinct. In 
preparations hardened with picro-sulphuric acid this appearance is less 
obvious, owing partly to the shrinking of the nuclear substance. At 
this stage the nucleoli are not, as a rule, so prominent and highly stained 
as at an earlier period, and they are usually smaller and less numerous, 
and for the most part disposed around the margin, although many of 
them lie towards the centre of the germinal vesicle. In the largest 
opaque eggs in the ovary of a sole, in which fully mature eggs were also 
present, the nucleoli numbered from five to twelve in a section, and they 
were of different sizes. Ina germinal vesicle, measuring 0°15mm., the 
ovum measuring 0°6lmm., the largest nucleolus measured 0:006mm. In 
the ovary of a bib (Gadus luscus), preserved like that of the sole in picro- 
sulphuric acid and containing mature eggs, the nucleoli were much more 
numerous, numbering frequently over fifty in a section, but they were 
also smaller. The disposition and appearance of the nucleoli in the egg 
of the solenette at this stage is shown in Fig. 7, Pl. I. 

I was unable to make out satisfactorily the presence of a chromatin 
network or threads in the germinal vesicle of these advanced pelagic eggs, 
although it is distinct in the smaller ones lying beside them. With the 
exception of the very early stages the nucteoli are not of the nature of 
karyosomes ; they lie as distinct more or less spherical bodies in the 
nuclear substance. Very frequently they exhibit internal differentiation, 
showing granulation or vacuolation. In the opaque demersal eggs of the 
John Dory and angler I was able to make out the existence of chromatic 
elements apart from the nucleoli. The appearance in the dory is shown in 
Figs. 12, 14, Pl. III., the former of which represents the germinal vesicle of 
the egg shown in Fig. 11, magnified 260 diameters. It will be observed that 
the nucleoli are for the most part peripheral, and that in the central part of 
the germinal vesicle there are numerous minute spherules or granules, 
not quite so deeply stained as the nucleoli, and arranged more or less in a 
chain-like series. This condition is found in the germinal vesicle of all 
the eggs of this size in the section, but the serial arrangement is not always 
so well seen. In some cases a minute nucleolus exists in the same region, 
distinguishable from the granules only by its greater size and refrangi- 
bility. These eggs of the dory were still evidently far from maturity. 

The condition is still better seen in the large opaque eggs of the 
angler just before the change at maturation. The appearance of the 
germinal vesicle in the smaller eggs, which are devoid of yolk, is 
shown in Fig. 6, Pl. II1., as seen under Zeiss 2mm. oil-immersion 
lens, with compensating ocular 4. In the large opaque eggs the 
nucleoli begin to gather towards the centre of the germinal vesicle, 
and they are then markedly compound, consisting of aggregations of 
bright granules, somewhat resembling in optical appearance the yolk- 
spherules in Zeus faber (Fig. 5, Pl. I1I.). From this preparation, and from 
another of the nearly mature egg (Fig. 4, P]. IIT.), to be described later, 
it would appear that the nucleoli, towards the close of ovarian growth, 
disintegrate, the numerous minute granules contained within them being 
set free. A nucleolus which has undergone this change is represented at 
ain Fig. 5. Compared with the other nucleoli it is very slightly stained; 
it is flaccid in appearance, devoid of granulation, and with an irregular 
aperture or cavity; it strongly suggests a husk or capsule, In the 
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neighbourhood will be observed a number of minute stained granules, 
similar to those within the other nucleoli, and which have doubtless 
escaped from it. -In the central area enclosed by the circle of nucleoli, 
and. which is more translucent than the rest of the germinal vesicle, 
another appearance is visible. The delicate moniliform linin network 
will be observed as the morphological basis, and here and there are chains 
of minute stained granules, arranged in curves which represent the 
chromatin threads usually described, or chromosomes. 

The central area, as has been said, is much more translucent than 
the rest of the germinal vesicle, the linin network is more loose and open, 
and the contents no doubt more fluid, and probably the seat of more 
active chemical changes. The proximity of the ring of disintegrating 
nucleoli, which move into this position where the chromatic chains are 
distinct, must be noted; and one is tempted to suggest that the 
escaped nucleolar granules undergo further metamorphosis to form the 
chromatic chains. It will be observed in the figure that some of the 
minute isolated spherules or granules (0) are of a different character 
from the rest, as if they were undergoing granular disintegration ; 
there are also a number of highly-stained granules scattered through 
the karyoplasm. . This explanation agrees with that put forward 
by Cunningham to account for the absence of nucleoli and the presence 
of irregular chromatic rod-like bodies, obviously derived from the 
‘nucleoli, in the nearly mature ova of the turbot.* But if this view of 
the fate of the nucleolar contents is correct it will not, I think, apply to 
all of them, because in the germinal vesicle of the egg of the angler 
undergoing the hydrolytic change at maturation numerous granules, 
similar to those described, are to be-seen scattered in the substance of 
the germinal vesicle. Many of these are extremely faint in outline, and 
appear to be fading or dissolving away (Fig. 4, Pl. II1.). 

I may here say that my observations on the characters of the germinal 
vesicle support the opinion of Cunningham—‘ that the multiplication of 
** nucleoli in the teleostean ovum, and their disappearance at a later stage, 
“are effected by the streaming of chromatin along threads of linin.” As 
previously stated, in the germinal vesicle of the minute eggs examined 
a somewhat coarse, irregular network is readily perceived, with a 
number of small nucleoli scattered throughout it. These are obviously 
at this stage karyosomes, and they appear to be due to the collection at 
the nodes of the network of semi-fluid chromatic substance, in very 
different amounts, so that the droplets are of various sizes. As they 
increase in dimensions they either separate from the node or dwarf it. 
At all events in sections they appear as isolated bodies, and they flow to 
the periphery at an early stage, and become disposed in apposition to 
the membrane at fairly regular intervals prior to the formation of yolk 
or differentiated cytoplasm, a site which they continue to occupy to 
nearly the close of ovarian growth. At the same time the rest of the 
germina] vesicle becomes more and more achromatic. The view which 
has been put forward that the nucleoli are of little importance in the 
ovum, and may be even regarded as by-products or effete matter result- 
ing from nuclear activity, is, I am sure, inapplicable to the teleostean 
egg. On the contrary, their number, size, position, and history show 
that they perform an important réle in the metabolism of growth, the 
formation of the cytoplasm, and probably of the yolk. On the 
‘hypothesis that the secretion of the follicular cells during the 
whole period of the growth of the ovum has the same composition as the 
free ovariau fluid, it is obvious that it must undergo very considerable 


* Op. cit., pp. 146, 147, 159, 
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alterations before itis transformed into the cytoplasm and yolk-spherules. 
This metabolism no doubt has its centre in the germinal vesicle, and the 
most prominent objects in the germinal vesicle are the nucleoli, which, 
as we have seen, move to the periphery, 7.e. nearest to the cytoplasm, 
very shortly after cytoplasm begins to be formed. This movement of the 
nucleoli is comparable to the migration of the germinal vesicle to the 
seat of growth in growing plant cells. 

Some features of the germinal vesicle of the large opaque eggs were 
also studied in fresh specimens, By graduated compression and rupture 
of the egg-capsule it was not difficult to isolate the germinal vesicle so as 
to be able to examine it with medium and moderately high powers, and 
also to ascertain something concerning its physical properties by watching 
its behaviour when escaping from the aperture, and under different 
conditions. Some appearances of this kind are shown in Figs. 11, 12, 13, 
Pl. I. In the fresh egg of the flounder, taken from the living fish and 
immediately examined in the ovarian fluid, the germinal vesicle on 
extrusion appears as a clear, jelly-like, or tenacious, semi-fluid body. It 
adheres to the outer surface of the egg-membrane, and rolls along it, but 
clinging to it, in the streams of yolk produced by variations in the 
pressure on the cover glass. It changes its sliape or becomes indented 
when a stream of yolk impinges against it, but in a slow, flowing fashion, 
and also in passing between two adjacent eggs on the slide; it is 
obviously soft, non-elastic, and tenacious. ‘The germinal vesicle of eggs 
removed from a fish which has been dead for some time does not behave 


in this way. It has lost its adhesiveness and becomes less soft, but can 


be readily made to change its shape, and it easily ruptures (which, 
indeed, very frequently happens as it escapes from the aperture in the 
zona), and a clear, somewhat syrupy, fluid escapes, to which yolk- 
spherules become attached. In the opaque eggs of the cod, haddock, 
and plaice, which had been kept (in January and February) for a day or 
more, the contents of the isolated germinal vesicle were much more fluid, 
running out among the yolk-spherules and disappearing. The germinal 
vesicle measures between one-third and one-fourth of the diameter of the 
ege. On examination with a moderately high power, delicate fibrille 
could sometimes be detected passing from the surface among the yolk- 
spherules attached to it (Fig. 18, Pl. I.). The surface also shows 
distinct but very fine and minute dotting, an appearance probably 
due to rupture of the protoplasmic threads that pass between 
the yolk-spherules. Retraction of the contents allowed the membrane 
to be seen very distinctly ; that of a cod’s ovum, which contained some- 
what watery contents, was left after the latter escaped as a delicate 
wrinkled film. | 

The addition of a 1 per cent. solution of acetic acid, or of a 10 per 
cent. solution of common salt, clears up the yolk, and darkens and 
renders visible the germinal vesicle ; the salt solution acts more slowly. 
The ordinary opaque eggs left to soak in a 1 per cent. solution of 
common salt for some hours clear up imperfectly, but sufficient to allow 
the germinal vesicle to be seen as a translucent area in the centre. These 
re-agents reveal the dark peri-nuclear ring of oil-globules in those eggs 
which possess it ; but after a little the globules collect for the most part 
towards the surface of the egg owing to the disintegration of the 
protoplasmic strands. 

The thin cortical layer of protoplasm which everywhere encloses the 
yolk is continuous with the interstitial protoplasm that passes between 
the yolk-spherules, and is, as we have seen, separated from the zona 
radiata, at least in some cases, by a delicate membrane, The - cortical 
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layer may be demonstrated in the fresh opaque egg by careful examina- 
tion of the periphery of the vitellus, especially when it is retracted from 
the zona radiata (Fig. 10, Pl. I.), It is also well seen in mounted and 
stained sections (Fig. 7, Pl. I.) as a thin stained layer within the zona. 
It is the only part of the cytoplasm of the pelagic ovum which retains its 
position and appearance after the transformation at maturation, when, 
supplemented by the interstitial protoplasm, it forms the periblast. It 
can be better studied in fresh eggs than in sections, with respect, at least, 
to the numerous very minute, bright, shining granules imbedded in it, 
aud which are optically indistinguishable from minute yolk-spherules. 
The protoplasmic pellicle is itself very thin, measuring in the large 
opaque ovum of the flounder not more than about 0°015mm., and the 
granules are crowded together much more closely than in the mature 
ovum, in which, after fertilisation, they become aggregated in clusters 
or strings, In the mature eggs of the grey gurnard they measured 
0°005mm. They are sub-equal in size and fairly regularly scattered in 
the protoplasmic pellicle of the mature unfertilised egg, from ten to 
eighteen being found within a square with a side of 0°'10mm. Kupffer 
called these bodies in the egg of the herring yolk-granules (Dotter- 
korner). Ryder* and Agassiz and Whitmanj applied no special name to 
them, and their significanc2 and fate are not very clear. They resist dilute 
acetic acid, and according to Ryder they also resist the action of ether 
and alcohol, and they do not stain. Im mature eggs which have been 
dead for days they persist unchanged, even after the periblast has greatly 
shrunken and is partially disintegrated. They are also interesting from 
the circumstance that, apart from oil-globules when these are present, 
they are the only definite bodies which can be recognised to remain 
unchanged within the ovum during the final stage of maturation. The 
yolk-spherules, germinal vesicle, and nucleoli all vanish, but the cortical 
layer with its granules persists. 

The large opaque pelagic eggs, then, before they begin to undergo the 
physico-chemical changes at maturation, and while still invested by the 
follicular epithelium, consist of the following parts :—The egg-membrane 
or zona radiata, which is (relatively to the mature egg) thick; an 
extremely delicate membrane within, at least in some cases, which covers, 
and follows in its retraction, the vitellus; a thin cortical layer of proto- 
plasm with minute shining granules imbedded in it, which is directly 
continuous with, and may be regarded as a peripheral enlargement of, the 
protoplasmic meshwork between the yolk spherules and granules; an 
enormous number of yolk-spherules of very various sizes which compose 
the great mass of the egg; in many cases oil-globules which are situated 
around the germinal vesicle; a germinal vesicle of large size, centrally 
placed, possessing a distinct soft membrane, with which the protoplasmic 
matrix of the cytoplasm is continuous, and containing numerous more or 
less spherical nucleoli. 


Tue Mature EcG AND THE CHANGES AT MATURATION. 


The mature pelagic ovum, as previously stated, has a very different 
appearance from the opaque eggs of the preceding stage, and its structure, 
so far as it may be distinguished, is much more simple. In consists of 
the envelopes described, which are, however, much stretched ; the thin 
cortical layer of germinal protoplasm, with its shining granules, which 


* U.S. Fish Commis. Report for 1882, p. 455. 
t Proc. Amer, Acad. Arts and Sci., xi., p. 23, 1885, 
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may be ageregated towards one pole to form the blastodisc,; and the large 
globe of colourless homogeneous fluid yolk of crystalline transparency—a 
drop of clear fluid surrounded by the periblast and envelopes (Fig. 15, 
Pl. I.). In some cases one or more oil-globules may be present in the 
fluid yolk ; in other cases part or all of the fluid yolk is enclosed in large 
compartments, that is to say it is divided up into segments by delicate 
protopiasmic partitions or films as in the eggs of the sole, sprat, pilchard, 
and anchovy. This condition is produced when part of the interstitial 
protoplasm between the yolk-spherules remains dipping in from the 
cortical layer; usually it is transferred to the latter. In all cases the 
spherules are dissolved and the yolk is fluid. No trace of the germinal 
vesicle or of the nucleoli can be seen, and although we know from the 
subsequent history of the fertilised egg that the chromatic substance that 
goes to form the polar bodies and the egg-nucleus must be present in the 
germinal layer in the neighbourhood of the micropyle, I have been unable 
to detect it. Thus practically the whole internal fabric of the egg has 
dissolved. 

That this remarkable change in the pelagic egg at the close of its ovarian 
growth, by which it becomes fitted for fertilisation and pelagic life, is 
produced by the entrance of a large quantity of watery fluid will be 
immediately evident. 

The enlargement and translucent appearance of ripe pelagic eggs 
have long been known, but the fact that the transformation is 
due to the imbibition of fluid has hitherto escaped the attention of 
observers. Thus, for example, Ryder,* speaking of the eggs of the cod, 
says :—“ Such partly developed ova, when examined with reflected light, 
‘‘appear whitish instead of a clear, transparent, yellowish tint, such as 
‘‘ would be noticed in ripe eggs. This difference in colour is due to a 
‘“‘ change in the character of the plasma enveloping the germinative vesicle, 
“for immediately that the eggs are mature and ready to leave the intra- 
“ovarian cavity they acquire a remarkable transparency. This must be 
“‘due to a comparatively sudden blending of the protoplasmic corpuscles of 
“the egg into a homogeneous material very like the white or colourless 

“albumen of a hen’s egg.” Agassiz and Whitman? speak of the “ yolk 
‘elements having melted together in the form of a homogeneous ball,” 
and Whitman elsewhere ¢ mentions the “ clearing up of a pelagic fish ege 
“the moment it comes in contact with water, owing to the dissolving of its 
“opaque granules,” but he is describing what occurs in the fully mature 
egg after it is shed,$ and the disappearance of the granules in the 
periblast. M‘Intosh and Prince, in their elaborate memoir on the 
development of Teleosteans, state that the translucency of the ripe egg 
“is due to the disappearance of the granules in the yolk of the ovarian 
egg” ;|| nor does Raffaele, in his memoir on pelagic eggs, advance any 
explanation of the change.4{ Cunningham, in his excellent work on the 
natural history of marine fishes, mentions the yolk ‘ globules as having 
run together into one large globe.” He also says, “If the roe of a 
“‘ spawning fish is examined it is seen that some of the eggs have become 
“larger and transparent, while a portion of the roe still consists of the 
“chalk-white smaller eggs. In fact, the eggs become more or less 
‘clear and transparent when they are ripe, and then they become loosened 
“‘from the sides of the roe, fall into the cavity, and so make their way to 
__.* Op. cit., p. 69, 
ele Mem. Mus. Comp. Zool. Harvard College, Vol. wiv. No. I., Part wi., 1, p. 15., 
~ Journ. of Morphology, Vol. i., p. 227. 1887. 

§ In Ctenolabrus, vide Mem. Mus. Comp. Zool. Harvard Welt Op. cit., p. 11, 


|| Trans, Roy. Soc. Edin. Vol. xxxv. Part iii., p. 668. 
I] Mittheil. aus der Zool. Stat. zu Neapel, Bd. viii., p. 4. 1838, 
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“the exterior. ‘The difference between the unripe and the ripe egg is due 
‘to a change in the condition of the yolk, which becomes more liquid and 
‘less granular,”* The same naturalist, in a more recent memoir dealing 
with the ovarian eggs of Teleosteans, speaking of the large opaque ovarian 
eggs of the gurnard, says—‘“ Eggs which are larger than this begin to 
“crow transparent again. . . . As the egg approaches the ripe condi- 
‘tion both the oil-globules and the vitelline begin to fuse together, . . . 
‘ the vitelline globules in fusing form a continuous liquid, in which the still 
‘‘unfused globules remain suspended.” In describing the ovarian eggs of 
the turbot he points to the fact that there are scarcely any intermediate 
stages between the opaque eggs and the mature transparent eggs, “ but in 
“the nearly ripe condition the protoplasmic strands separating the yolk- 
‘globules are not visible towards the centre of the egg. - It is evident, 
‘therefore, that the fusion of the yolk-spherules takes place almost 
‘simultaneously. . . . that the yolk swells considerably during the 
final stage of maturation.”f Further, M‘Intosh and Masterman, in their 
recent work on the life-histories of marine fishes, describe the change as a 
“clearing up of the yolk mass before ripening,” that ‘towards maturity 
“the granules of the yolk disappear and the ovarian egg becomes quite 
** translucent.” 

About seven years ago, when making an investigation on the fecundity 
of marine fishes, and consequently examining a number of ovaries, I was 
much impressed with the striking change that takes place at maturation 
in pelagic eggs ; and I then described the “more or less sudden increase 
in bulk that occurs in the ovum shortly prior to its extrusion,” and stated 
that it seemed “to be due to sudden accession of fluid from the ovarian 
“ follicles, which increases the bulk of the ovum and renders the opaque 
‘contents clear by dilution.” I also stated that it was at this stage of 
“hyaline enlargement” that pelagic ova first acquired the property of 
buoyancy; that a similar but less marked change occurred in certain 
demersal ova, and that ‘‘ the’process is probably essentially similar both in 
* pelagic and such demersal ova.” I was, however, in error, I believe, in 
supposing that the change does not occur in all demersal eggs; further 
research will probably show that it is common to all. In the same paper 
I stated that the degree of the increase of bulk varied in different species, 
and showed that the translucent ripe eggs of the plaice were about four 
times larger, and about four times heavier, than the large opaque eggs 
just before the change took place.$ 

In describing the changes which occur at maturation I shall first of all 
deal with the prominent physical features and properties, 

The most striking change is the transformation in the appearance of 
the ovum from an opaque sphere, chalky white by reflected light, to a 
clear globe of crystalline transparency, looking like a droplet of dew. 

Another change, perhaps less obvious to the eye, is even more 
significant, namely the great increase in volume which occurs. From 
the fact that the eggs are spherical (although not always perfect spheres) 
a slight increase in the diameter may not attract much attention, although 
it may mean a considerable increase in the volume. The formula for the 
contents of a sphere is v=% x d*; and applying this to the eggs at the 
opaque stage and at the mature translucent stage it will be found that 
there is a very great difference in the volume in the two cases. For 


* The Natural History of the Marketable Marine: Fishes of the British Islands, pp. 
71, 97.. 1896, 

+ Quart. Journ. Mier. Sci. Vol. xl. Parti. » PP 102, 110 

+ The Life-Histories of the British Marine Foo ishes, pp. ‘18, 72. 1897. 

§ The Comparative Fecundity of Sea Fishes, Winth Annual Report Fishery Board for 
Scotland, for the ie 1890. aw ww , p. 248. 1891. 
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example, the large opaque egg of the plaice with a diameter of 1‘2]mm. 
has a volume of 0°9276 cubic millimetres, while the mature translucent 
egg with a diameter of 1°88mm. has a volume of 3°479 cubic millimetres, 
nearly a four-fold increase. Another series of eggs of this species gave a 
mean diameter of 1:l1mm. for the opaque, with a volume of 0°6969 cubic 
millimetres; and of 1°93mm. for the translucent, with a volume of 
3°764 cubic millimetres. It has to be noted that the eggs, although 
spherical, are not usually perfect spheres, and this is especially true of 
the opaque eggs. The eggs of different females of the same species, and 
even of the same female, also differ a little in dimensions, It is 
therefore necessary to measure a considerable number to obtain a mean 
diameter. But making all allowance for this variability and source of 
error, the difference in the volume of the egg in the two stages is very 
great. 


% 


NS 


Fig. I. A. Opaque egg of plaice x20 ; diameter, 1‘21mm.; volume, 0°9276cmm. ; 
sp. gr., 1070. B. Ripe egg of plaice x 20; diameter, 1‘88mm.; volume, 3°479cmm. ; 
sp. gr., 1:025. OC. and D. Diagrams showing the volume of watery fluid that enters 
the pelagic and demersal egg (herring) at maturation ; the shaded part represents 
the yolk of the opaque stage. 


In the following Table I give the respective volumes of the large 
opaque and the mature translucent pelagic eggs of a number of 
Teleosteans, the calculations being partly founded on the mean of 
measurements of the diameter made by Williamson* as well as on my 
- own observations. . 


_* On the variation in size of certain Pelagic Ova. Thirteenth Annual Report Fishery 
Board for Scotland, Part «it., ps 271. 1895, 
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Opaque. Mature. 


Diameter in|} Volume in | Diameter in|} Volume in 


Species. 
mm, c. mm. mm, ec. mm. 


rs Ce —— 


Grey Gurnard, 0°9 0°3817 1°45 1°5962 
Red Gurnard, 1°0 0°5236 1°55 1°9498 
Lesser Weever, 0°8 0°268 1°32 1°2042 
Mackerel, 0°85 0°3215 1°25 1°0226 
Dragonet, 0°7 0°1795 10 0°5236 
Cod, 0°9 0°3817 1°38 1°3706 
Haddock, 1°0 0°5236 1°45 1°5962 
Bib, - 0°6 0°11380 0°92 0°4072 
Whiting, Z ‘ : 0°8 0°268 1°2 0°9047 
Saithe, . . , ° 0°8 0°268 1°16 0°8172 
Ling, , ; 0° 0°1795 1°08 0°6595 
Tusk, ; 0°9 0°3817 1°3 1°1503 
Halibut, * : 2°5 8°1812 3°8 28°732 
Long Rough Dab,. 44 0°8 0°268 rl 0°6969 
Turbot, ; 0°7 0°1795 1°02 0°5556 
Brill, 0°8 0°268 1°83 1°15038 
Sail-fluke, : : 0°75 0°220 ¥*13 0°7555 
: 1°1 0°6969 1°93 3°764 
Plalce; (te { 1-21 0:9276 1°88 3-479 
Lemon Dab, 0°8 0°268 1°3 1°1503 
Witth ,, 0°75 02209 1°15 0°7963 
Common ,, 0°56 0:0919 0°85 0°3215 
Flounder, 0°65 0°1437 0°92 0°4072 
Sole, ° 0°9 0°3817 1°4 1°4367 
Solenette, 0°8 0268 1°2 0°9047 


It will be observed that the ratio of increase does not always corres- 
pond in different species, a circumstance no doubt due in part to the 
true mean diameter not having been ascertained ; partly also to an actual 
difference in the amount of expansion in different species. 

The fact, however, that a threefold or fourfold increase in volume 
occurs in pelagic egos at the end of ovarian growth is, I think it will be 
admitted, of considerable interest. 

The third important physical change that occurs is in the specific 
gravity of the ovum, which is much diminished. All opaque eggs sink 
in sea water, and all mature translucent eggs float in sea water of 
ordinary density. It is this property of the mature ovum that renders it 
pelagic; before the change occurs it is a demersal egg. This may be 
readily shown by cutting out a small portion from an ovary containing 
both ripe and opaque eggs, and shaking it gently in a beaker of sea 
water, when the ripe eggs float to the top and the few opaque eggs which 
have become separated fall at once to the bottom. .The specific gravity 
of ripe pelagic eggs of different species varies considerably, but it may be 
said to range between about 1023 and 1027. There is also a consider- 
able variability in the specific gravity of the eggs of the same species and 
of the same female. I found a batch of fertilised eggs of the plaice in 
the multicelled stage to possess a specific gravity ranging from 1024°8 
to 1026. 

I was desirous of determining the density of the large opaque eggs and 
of the mature eggs for each species, and during last spawning season I 
* The measurements in this case are founded on those given by Brook, Holt, and 


M‘Intosh. It has been overlooked that Brook first described the ripe eggs of "the halibut 
in 1886. See Fourth Annual Report, Fishery Board for Scotland, p. 224, 1886. 
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made a large number of observations by using sea water mixed with a 
saturated solution of common salt or with distilled water, and a delicate 
Challenger hydrometer was used for this purpose. I found, however, 
that these observations were vitiated, inasmuch as the penetration of the 
salt solution into the eggs was too rapid to allow an accurate determina- 
tion to be made, and the method had to be abandoned. Dr. Milroy, 
however, has determined the specific gravity in a number of cases (see 
p. 135) quite sufficient to bring this change in the physical properties of 
the eggs into line with the others. Thus the opaque eggs of the plaice, 
with a mean diameter of 1:13mm., had a specific gravity of 1:070, 
while the mean specific gravity of the mature translucent eggs is 
about 1°025. 

Another physical change, not so obvious, but still easily demonstrated, 
takes place when the enlargement of the ovum occurs at maturation ; 
and it is a change of considerable interest as showing the nature and 
comparative rapidity of the expansion. The egg-capsule or zona radiata ~ 
becomes attenuated and the surface markings separated by the stretching 
of the membrane. The change is precisely of the nature one would 
expect to be presented by the patterns on the surface of an elastic 
spherical shell which had undergone mechanical distension; but the 
degree of attenuation does not correspond to what calculation shows 
ought to occur in a perfectly homogeneous elastic membrane stretched to 
the same extent. For example, the thickness of the capsule of the large 
opaque eggs of the plaice is about 0°054mm., and that of the capsule of 
the mature translucent egg about 0°025mm., while calculation shows 
that the latter ought to be 0°0163mm., if it were uniformly extensile. 
The explanation of this circumstance is to be sought in the structure of 
the capsule, previously referred to (p. 105); the creases or plications are 
opened out by the forcible expansion of the ovum. The basket-work 
pattern is therefore much more coarse and obvious in the capsule of the 
distended mature ovum than in that of the opaque ovum, and, moreover, 
the dots of the superficial layer are drawn apart. In the eggs of the 
torsk (Brosmius brosme) the surface of the capsule is characterised by 
the presence of relatiyely large distinct points or pits ; in the opaque egg 
seven or eight of these were found to lie between two lines 0°05mm. 
apart, while there were only two or three, and never more than four, in 
the same distance in the fully mature egg (Fig. 25°, Pl. I.), The appear- 
ance of the basket-work pattern in the opaque and mature eggs of the 
sole, under the same power, is shown in Fig. 25“, Pl. I. 

The thickness of the egg-membrane in a few species is appended. 


Species. Opaque, in mm, Mature, in mm. 

Grey Gurnard, , , F ‘ ahha 0'042 0°026 
Red Gurnard, : : : j , 0'044 0°020 
Ce = oetgnall se elle ime tad reel A 0-04 0-022 
Haddock, . : } é ‘ : 0°043 0:024 
PPP a ee tis we poles, 0-016 0-01 
Teiiiee, hyip’ 03 ' i ‘ ; ; 0°027 0°016 
Four-bearded Rockling, . 4 , ; 0°02 0-009 

rill, soi Reta Mor ii Sigel ate 0°026 ! 0-017 
Witch, . ; . ; . ° : 0-026 0°016 
Plaice, . 4 ; F : . . 0°054 0°025 
Lemon Dab, . , : d ‘ F 0'036 0°02 
OL DNA DS og set Gr Sy sa aa 0-03 0-019 


Solenette, . : , . 3 : 0°018 0°01 
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The zona radiata of the mature pelagic egg is thus seen to be very 
delicate. It is, however, by itself heavier than sea-water, and sinks in 
it; this may be shown by crushing a number of ripe eggs and washing 
away the yolk, and then throwing the capsules into the water. 

That the hyaline enlargement at maturation is different from the 
ordinary process of growth is obvious, and it takes place with comparative 
rapidity. The growth of the egg during the formation of yolk takes 
many months, in which time the egg of the plaice, for instance, increases 
slowly and gradually in diameter from about 0°2mm. to about 1:1mm. ; 
but in the final stage there is a rapid increase from the latter to 1‘8mm. 
The number of transition stages to be found in a ripe ovary is extremely 
small. Almost all the eggs consist either of the large opaque kinds or of 
the mature translucent kinds, three or four times their size. This can be 
readily shown by examining the ripe ovary, either in the fresh condition 
or after boiling or preservation in hardening agents. If a piece of a quite 
ripe ovary be dropped into, say, picric acid solution, the distinction 
between the two sizes, the rarity of intermediate stages, is evident. This 
fact was strongly impressed on my mind in making the investigation 
on the fecundity of fishes, when over 400,000 eggs were separately 
enumerated. If the process was slow and comparable to growth, one 
should see a great number of eggs at intermediate stages both as regards 
size and appearance. Whether the change takes hours or days is 
uncertain. 

Transition stages can, however, be found by careful examination of a 
large number of eggs. Most of them present essentially the same features 
as the opaque eggs; but they are somewhat larger, the yolk-spherules are 
larger, and the whole ovum more translucent, resembling the appearance 
of the mature demersal egg, such as that of the herring. If oil globules 
exist, they now begin to appear on the surface of the vitellus. These eggs 
resemble opaque eggs which have been soaked in a weak solution of 
common salt, and they indicate incipient dissolution of the fabric of the 
egg. My sections of pelagic eggs do not include any that can be with 
certainty assigned to this stage. In sections of the ripe ovary of a bib, 
there is an egg measuring about 0°53mm., in which the germinal vesicle 
is somewhat excentric, with the nucleoli very minute, and the yolk partly 
in the condition of large irregular spherules, but mostly homogeneous and 
somewhat colloid-looking. This homogeneous yolk resembles what is 
seen in the mature eggs in the same section, except that it is more deeply 
stained and solid-looking. Other eggs show somewhat similar changes ; 
in some cases the germinal vesicle is flask-shaped or pyriform and large ; 
in other cases normal yolk-spheres are present. But this ovary was not 
preserved until a considerable time after the death of the fish, and it is 
not improbable that the appearances mentioned are due to post-mortem 
change. Other transitional stages will be referred to later. 

From many considerations it is clear that the cause of the change in 
the pelagic ovum at maturation is the entrance of watery fluid. This is 
shown by the transparency, the rapid increase in volume, the solution of 
the yolk-spherules, the diminished specific gravity. The contrast between 
the opaque and translucent eggs after boiling, or after immersion in fresh 
water or hardening agents, shows the same thing. The opaque eggs after 
boiling or immersion in water become intensely chalky white and harder ; 
the ripe eggs remain soft, and become only slightly milky or opalescent. 
In picric acid solution the opaque eggs become brown, while the ripe eggs 
remain straw-coloured ; in osmic acid solution the opaque eggs become 
black, and the translucent eggs brownish grey. Between the fingers or 
in manipulation on the slide, the difference in consistency is obvious. 
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These considerations led me in 1891 to state that the change was due to 
the accession of watery fluid, and the accurate determination of the 
proportion of water present in the two stages, which Dr. Milroy kindly 
made at my request, shows that such is the case. In the mature eggs of 
the plaice, dried to a constant weight at 60°C., 80°C., 100°C., and finally 
at 105°C., the percentage of water was found to be the very high one of 
91:86, while in the opaque eggs treated in the same way the quantity 
was only 65°5 per cent. Later determinations in other cases will be 
given by him in his report. (See p. 137.) 

It has been already said that this change in the egg at the conclusion 
of ovarian growth is not confined to the pelagic forms, but that it also 
takes place in demersal eggs. I believe this fact to be of great 
importance and significance. In the pelagic ovum one perceives at once, 
as a result of the absorption of watery fluid, the diminution in the specific 
gravity, by which the egg is enabled to float and to become a member of 
the pelagic fauna. Had the change been peculiar to pelagic eggs, one 
might have been justified in supposing that the function of the absorbed 
fluid was simply hydrostatic, and that the concomitants of the process—the 
solution of the yolk-spherules, and the vanishing of the germinal vesicle 
—were not related to it. But when the same thing is found to occur at 
the final stage of maturation of demersal eggs, in which diminution of 
spevific gravity is of no utility, quite a new light is thrown upon the 
nature and significance of the process. For the fundamental and essential 
feature of the maturation of the demersal egg is the disappearance of the 
germinal vesicle and the transference of.the chromatic substance to the 
periblast—a phenomenon which also accompanies the absorption of fluid 
in the pelagic egg. The conclusion is therefore warranted that the fluid 
which enters the ovum is associated with the dissolution of the germinal 
vesicle. And if this is so, then it is extremely improbable that it should 
be confined to the teleostean egg. It will, I think, be found to occur 
normally in the maturation of the eggs in other groups—such, for example, 
as the Mammalia; in other words, that the transformation of the germinal 
vesicle, the causation of which has been hitherto obscure and mysterious, 
is caused by the physico-chemical action of fluid which enters the egg at 
the close of ovarian growth. 

_ My investigation of the maturation of the demersal eggs of Teleosteans 
is not yet completed ; but I have found the absorption of fluid, with the 
concomitant disappearance of the germinal vesicle, the enlargement of the 
egg, and the partial ‘‘ clearing up” of the yolk, to occur in all those which 
I have recently been able to examine in the ripe condition and in the 
previous opatjue stage—viz., the herring, the armed bullhead (Cottus 
scorpius), the lumpsucker (Cyclopterus lumpus), and the angler (Lophius 
prscatorius) ; and from the assumption of translucency in other forms 
there can be no doubt it occursinall. I have found the same translucent 
change in the eggs of Cottus bubalis, Liparis montagut, Anarrhichas | 
lupus, Gasterosteus spinachia, Syngnathus acus, and Ammodytes tobianus ; 
and M‘Intosh and Prince,* Holt,? Cunningham,t and several other 
writers refer to the translucent appearance assumed by the ripe demersal 
eggs of many species. 

While the nature of the change is the same both in the pelagic and 
demersal ovum, the relative quantity of fluid absorbed is much less 
in the latter than in the former. In the majority of cases, at least, the 
yolk-spherules are not all dissolved, although many of them flow together, 
and the vitellus appears more translucent and watery and increases in size, 


* Op. cit., p. 668. + Sci. Trans. Roy. Dublin Soc., Series it. Vols. wwv., v. 
t Nat. Hist. Marine Fishes, p. 71, &c. 
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In the angler, while the nearly mature eggs present the usual appearance 
of dense opacity to transmitted light and chalky whiteness to reflected 
light, the almost mature egg looks like a melting snowball or a moistened 
lump of sugar, and the yolk spherules are seen to be clearer and larger 
(Fig. 5, Pl. I1.). The egg is also now much softer and more readily 
ruptured. In the herring the translucent change is even more marked, 
and some of the yolk-spherules, in the fresh egg, measure fully 0°09mm. 
On rupturing the capsule some of them coalesce and flow out as large 
watery-looking globules. The increase in volume is much less than in 
the pelagic eggs. A series of measurements of 46 large opaque eggs of 
the herring gave a mean diameter of 1‘18mm., as compared with a mean 
diameter of 1°33mm. for 62 of the ripe semi-translucent eggs. The 
respective volumes were, therefore, about 0°86 cubic millimetres and 1°23 
cubic millimetres. The different condition in the two cases is also well 
brought out in mounted sections, as is shown in Figs, 16, 17, Pl. I.; but it 
is to be noted that in the ripe egg of the herring, as well as of the angler, 
the process of preparation causes the yolk spheres to coalesce still further, 
so that they appear much larger than in the fresh eggs, and they also for 
the most part lose their spherical shape. The commencement of the 
aggregation of protoplasm to form the large blastodisc is well represented 
in Fig 17. It would appear from a consideration of the eggs of the 
herring and angler that the entrance of fluid into the demersal ovum at 
the close of ovarian life takes place more slowly than in the case of 
pelagic eggs. I have examined herring roes in which the whole mass of 
eggs distinctly showed incipient translucency while the germinal vesicle 
was still present. 

It thus appears that in the case ofjthe pelagic egg, Natural Selection 
has, so to speak, seized upon and greatly exaggerated a phenomenon 
common to the teleostean egg for another and quite different purpose— 
namely, to enable the egg to float. 

Certain questions arise in connection with the entrance of watery fluid 
into the egg :—(1) What is the composition of the fluid? (2) what is its 
origin? (3) how is the absorption effected? (4) what determines the 
change at the close of ovarian growth ? 

It is reasonable to assume that the fluid which enters the egg is 
secreted by the cells of the follicle, because the egg is everywhere closely 
invested by these cells, and if it is not secreted by them it must pass 
through them from the tissues around; but the free fluid in the 
stroma is blood plasma, which has itself a much higher specific gravity 
thau the mature egg, and it therefore cannot be the agent. There is no 
cther structure in the ovary, except the follicle, to which the origin of the 
watery fluid can be assigned. The follicle of the growing pelagic ovum 
consists of a continuous single layer of minute flattened cells closely 
applied to the surface of the egg-capsule, and with a small amount of 
connective tissue around it containing a meshwork of capillary blood- 
vessels (Fig. 14, Pl. I.). It forms a thin membranous tunic of moderate 
toughness, and may sometimes remain unruptured when the zona is 
ruptured by pressure, and the yolk then passes between it and the latter. 
In demersal eggs it is much thicker and more resistant, the granulosa 
layer being frequently double. The connective tissue stroma of the ovary 
is very loose; it also is more abundant and dense in ovaries producing 
demersal eggs.¥ ‘The follicular cells of the plaice, for example, are 


* I may say here that one may infer with considerable certainty, from a comparatively 
early stage in ovarian development, whether the mature eggs are likely to be demersal or 
pelagic, from the conditions stated, the double-layered or single-layered zona, and the 
character of the yolk spherules, 
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irregularly rounded or lozenge-shaped, flattened, with a scaly margin 
and a large prominent nucleus, aud they measure about 0°009mm. in 
diameter. The surface of a large immature ovum of this species is 
equal to about 4 square millimetres, and the follicular cells covering 
it will therefore number close upon 50,000, and from the large size of 
the nucleus and the scanty cytoplasm, ‘it is obvious that the follicular 
layer must form a potent secreting organ. The cells resemble the 
epithelioid cells from a serous membrane. 

The assumption is alsu reasonable that the fluid which enters the ovum 
at maturation is essentially the same as the free watery fluid found in the 
cavity of the ovary bathing the ripe eggs after the latter escape from the 
follicles ; and which, therefore, probably represents a surplus secretion by 
the follicular epithelium after the escape of the ovum, and its abundance 
will ensure that each egg obtains sufficient to saturate it. As to the mode 
by which the fluid enters the ovum, it seems to me not improbable that 
the process, at least in the later stage, is essentially osmotic, the watery 
solution of crystalloid (chloride of sodium) entering through the egg- 
membrane, and an osmotic equivalent of albuminous matter passing out. 
The question remains as to whether this watery secretion of the follicular 
cells is only formed towards the close of ovarian growth, or is the normal 
secretion. If it is the same as the normal secretion of the follicular cells, 
and represents the form in which these cells prepare the pabulum from 
the blood plasma in the stroma for the ordinary growth of the egg—if 
this function of the follicle undergoes no modification in the later stages— 
then it is evident that some part of the ovum itself must undergo a 
change by which the ordinary assimilative metabolism is brought to a 
close. According to this view the follicular epithelium continues to 
perform its normal function of preparing a watery saline solution of 
albumius which cannot be assimilated owing to the decay of some part of 
the ovum that governs assimilation. 

It may be worth while considering this theory a little. The great mass 
of the opaque ovum consists of yolk spherules and granules imbedded, or 
immersed, in a fluid matrix or menstruum, which forms a multitude of 
channels between the cortex and the germinal vesicle ; and we know that 
the formation of the yolk granules goes on throughout the whole of the 
cytoplasm. In most cases the larger, aud therefore older, spherules are to 
be found some distance below the cortex ; in some cases they are placed 
nearest the cortex, those in the neighbourhood of the germinal vesicle 
being small (Fig. 11, Pl. IL.), and therefore probably “newly formed. 
There must be within the vitellus a continuous circulation of the secretion 
derived from the follicle, and after the constituents which go to form the 
more solid yolk-spherules are withdrawn, the excess of water must be 
returned by the follicular epithelium to the stroma. From what is known 
regarding the function of the nucleus in the synthetic metabolism of the 
cell, it is, I think, certain that it is in the germinal vesicle that we must 
seek the controlling agency of the general metabolism of the ovum, 
although the formation of the cortical protoplasm may take place zn situ, 
and become transferred inwards. And, moreover, in the teleostean ovum 
it is, I believe, the nucleoli that must be regarded as the most obvious 
active agents. We have seen that they are numerous and large, and are 
closely applied to the membrane of the-germinal vesicle during the period 
of yolk’ formation, while towards the close of ovarian growth many, or it 
may be all (Fig. 5, Pl. I1I.), of them pass inwards towards the centre of 
the vesicle, and break down. This change in the nucleoli precedes the 
complete hyaline enlargement at maturation, and it is not improbable 
that, when the ovum has attained the specific size and condition, the 


120 Part III.—Siateenth Annual Report 


nucleoli lose their metabolic function, so that the secretion derived 
from the follicular cells is no longer assimilated, and is retained. 


Tue HisTtoLtocicaL CHANGES AT MATURATION. 


The minute changes occurring in the ovum at maturation, associated 
with the dissolution of the germinal vesicle, are more difficult to detect, 
and I have been scarcely more fortunate than other observers in tracing 
them in the teleostean egg, except, perhaps, in that of the angler, to be 
presently described. The chromosomes which go to form the polar 
bodies and the egg nucleus are, of course, very small compared with the 
germinal vesicle or the nucleoli, and the formation of these structures 
appears to take place only after fertilisation.* The hyaline enlargement, 
as has been previously described, appears to take place more rapidly in 
pelagic than in demersal eggs, and none of my sections show with 
certainty the alterations in the germinal vesicle. But I have found 
some transitional stages in the fresh ovaries, In that of the red gurnard 
I found a translucent egg measuring 1°41mm., the fully distended ovum 
measuring 1‘55mm., and the opaque about lmm. By careful illumination 
the faint outlines of a few enlarged spheres could be made out in the 
interior of the translucent vitellus. In the ovaries of a flounder which 
was practically spent, the cavities being collapsed and the contents con- 
sisting mostly of a number of translucent eggs and abundant fluid, I 
found some of the eggs presenting transitional appearances. Many of 
the eggs showed distinct post-mortem changes—that is to say, they 
exhibited a faint opacity, and on microscopic examination the periblast 
was found to have shrunk from the zona, to be greyish or brownish, 
granular and friable. Among these eggs others were found in the 
earlier stages of expansion, They measured from about 0°72mm. to 
0-78mm., the fully mature ovum measuring in this species about 
0°'92mm., and the position of the germinal vesicle was defined as a 
clear spot measuring about 0°22mm. In an isolated germinal vesicle 
of this size uo nucleoli were detected, and it was seen to be very 
finely granular (Zeiss E, oc. 2). The yolk spheres had increased 
in size, some of them measuring 0°'19mm., and some of them 
presented the peculiar appearances shown in Fig. 19, Pl. I. ; in some, part 
of the margin was fretted and ragged, in others the whole edge was in 
this condition, and they had, as a rule, fine granules dispersed through- 
out them, but some were clear vacuoles. A number of the larger opaque 
eggs were soaked all night in a 1 per cent. solution of common salt, and 
in the morning some were found to be enlarged, and showing a clear 
perivitelline space. On slight pressure under the cover-glass, the yolk- 
spheres ran together, forming curious figures; they were obviously 
droplets of liquid. The germinal vesicle was small, and measured in one 
case 0'16mm. 

In other eggs in this ovary a lenticular blastodise was formed which 
sometimes showed irregular pseudo-cleavage and disintegration, some- 
times it appeared healthy ; other eggs showed the periblast in continuous 
contact with the zona. But many full-sized translucent eggs exhibited 
other features associated with the presence of vacuoles in their interior, 
some of which are represented in Figs. 20-24, Pl. I. The one most, closely 
resembling those above described measured 0'86mm., and in it the 


* Agassiz and Whitman, Mem. Mus. Comp. Zool. Harvard Coll., Vol. xiv., Part ii. 1, 
p. 12. 1889. Some observers have described the elimination of polar bodies from 
unfertilised teleostean eggs, as Hoffmann, Cunningham, Kingsley and Cohn; the latter 
admit the possibility of the eggs having been fertilised. 
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vacuoles ---obviously derived from the fusion of yolk-spherules—were 
very large, one measuring 0°27mm., and of unequal size ; their interior 
sometimes, but not usually, contained a few scattered granules. The 
egg was not transparent, but it was translucent, and no clearer spot 
indicated the presence of a germinal vesicle. On focussing down, a large, 
faint, but definite circle was observed (Fig. 20). Other eggs, trans- 
parent and full-sized, presented the appearance shown in Figs. 21-24. 
In Fig. 21 the vesicle } was faintly and finely dotted, and contained one 
small refringent body. In Fig. 22 more small vesicles were present at the 
periphery, some of the largest measuring 0‘llmm.; 23 and 24 show other 
appearances. ‘The latter was treated with dilute acetic acid, a few drops 
of 5 per cent. solution being added to the ovarian fluid in which the eggs 
were lying, and the spot @ became dark, while the rest remained 
unaltered. Many other eggs exhibited similar characters. 

The interpretation of all the appearances is not clear. There is little 
doubt the vesicles aggregated at the periphery of the large vesicle repre- 
sent yolk-spherules which have fused, but the other features are not 
easy to explain. ‘They are not the ordinary changes which occur after 
the death of normal mature eggs, as I showed by experiment in those of 
the flounder for this purpose, as well as in those of the plaice, to ascer- 
tain the post-mortem changes associated with loss of buoyancy. 

In the egg of the angler I have been able to examine the germinal 
vesicle in the process of dissolution. The condition of the germinal 
vesicle in some of the larger eggs containing normal yolk-spherules has 
been already explained. In the ovary of a fish containing ripe eggs I 
found some as represented in Fig. 13, Pl. II. The germinal vesicle 
of the central egg in this figure is shown in Fig. 4, Pl. III., as it appears 
under Zeiss oil-immersion lens 2mm., and compensating ocular 4, 
with the tube drawn out. In these eggs it will be seen that the yolk- 
spherules have fused to a considerable extent, owing to the entrance of 
the follicular fluid; and in the egg under consideration the germinal 
vesicle has moved to the side of the egg-capsule (a), and is obviously 
disintegrating. It is irregular in shape, the bounding membrane has 
disappeared, except, perhaps, at the part furthest from the egg-capsule, 
where the margin is in parts regular in outline, and a faint double 
contour can here and there be made out. At the outer part the sub- 
stance of the germinal vesicle is continuous with the very scanty 
cortical protoplasm, and is apparently fusing with it. The ground 
substance of the vesicle has a granular appearance, but careful exami- 
nation in a good light shows that it is composed of a fine irregular 
meshwork of granular threads, which are made more obvious with 
compensating ocular 12 (= 1440 diameters), and are specially noticeable 
at the frayed margin and at the thin part near the zona radiata. The 
threads have not, however, the regularity of moniliform pattern shown 
in Fig. 5, Pl. ILI. ; they appear somewhat shrunken. The most notable 
feature is the presence of very numerous spherical granules, vesicles, or 
corpuscles slightly stained, some more than others, contained among the 
meshes of the network. ‘These may be seen here and there throughout 
the whole substance of the vesicle, but they are mostly aggregated in the 
neighbourhood of the nucleoli which are near the zona radiata, and 
between them and the latter. They vary in size, the largest measuring 
0:0035mm. ; many are not a third of that size, and they are not disposed 
in linear fashion, as in Fig. 5, but apparently placed without any 
orderly arrangement. . arte | 

The nucleoli are six in number in the section, and they are very 
conspicuous. The two larger measure 0°0168mm., and the smallest 
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0-008mm. They are globular, and appear to consist of a thin 
shell full of numerous spherical granules or vesicles, or both. The larger 
spheres, from their pale unstained appearance and their size, seem to be 
vesicular ; the largest of these measures almost, but not quite, 0‘007mm. ; 
the smaller correspond closely in size and appearance to the free 
spherical granules or vesicles in the meshwork. One of the nucleoli 
contains no granules or vesicles, and seems to consist merely of the 
shell, which is somewhat crumpled. The conclusion seems warranted 
that the free granules are derived from the breaking down of the nucleoli. 
Other sections of this germinal vesicle show the same thing, as well as 
sections of the germinal vesicles in other eggs in the same ovary, less 
excentrically placed, the nucleoli in these being all aggregated at one side. 


In one or two cases only was I able to detect the chromosomes in 
these eggs. Fig. 7, Plate ILI., represents the edge of a germinal vesicle, 
showing four nucleoli in process of disintegration, and between two of 
them the chromosomes were distinctly visible. 


The conclusions to which I have arrived with regard to the changes at 
maturation in the eggs of teleostean fishes may be summarised as 
follows :— 


(1) In both pelagic and demersal eggs the final stage at the 
close of ovarian growth is characterised by the entrance into the 
ovum of a certain quantity of watery fluid of low specific gravity. 
This fluid is secreted by the granular cells of the follicle, and is 
probably essentially similar in composition to the free fluid found 
in ripe ovaries producing pelagic eges. 

(2) This fluid causes the more or less complete fusion or sulution 
of the yolk-spherules, and hence the translucency or transparency 
of the vitellus ; and it is associated with the dissolution of the 
germinal vesicle and the rearrangement of the chromatic substance 
concerned in fertilisation and heredity ; also with the escape of 
the egg from the follicle, 

(3) In pelagic eggs which float isolated in the sea, the quantity 
of fluid that enters the ovum is very large, distending it to three 
or four times its former volume, and completely dissolving the 
yolk-spherules ; and that such eggs float by virtue of the large 
quantity of fluid of low specific gravity absorbed. 

(4) That in one form at least (Lophius piscatorius), and 
probably in others, this change is preceded or accompanied by a 
change in the constituents of the germinal vesicle, the nucleoli 
travelling towards the centre of the latter, and breaking up into 
minute stained granules, which may possibly take part in the’ 
formation of chromosomes. The hydrolytic change may be due 
to decadence of the histogenetic function of the nucleoli, the 
components of which then break up as described. 


To these I may add 

(5) That inasmuch as the entrance of fluid in demersal eggs has 

no hydrostatic function, and is of no utility in connection with 

the external relationship of the ovum, the same change is probably. 

of normal occurrence in the maturation of the ovum in other 
groups of vertebrates, and in some groups of invertebrates. 


+ Fol, in his early observations on the transformation of the germinal vesicle of’ 
Asterias glacialis, states that the change does not occur until the egg has reached the sea 
water. Itis not improbable that in some forms there may be direct absorption of sea. 
water instead of follicular secretion.’ 
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Tur RELATION OF THE CHANGE IN THE PELAGIC Ovum’ To CERTAIN 
PHENOMENA IN THE LireE-HISTORY OF THE SPECIES. 


In the floating egg itself it may be noted that the aggregation of 
germinal matter or blastodisc, and the embryo, are placed inferiorly owing 
to the lower specific gravity of the diluted yolk. Reference has also been 
made to the sinking of the embryo or larvee as the yolk is absorbed, from 
the increasing specific gravity of the tissues into which it is transformed, 
and to the correlation of the inferior nutritive power of the diluted yolk 
and the characters of the larvee. In cases where the yolk consists of solid 
plates, as among Elasmobranchs, or semi-solid spherules, as among most 
demersal eggs, the apparatus or arrangement by which it is rendered 
available for assimilation is necessarily more complicated than in pelagic 
eggs, where the heart of the embryo opens directly into the fluid yolk, 
and where the absorption is a comparatively simple process. Comparison 
of the larve which issue from demersal and pelagic eggs shows the 
difference in the nutritive power of the yolk in the two cases. Thus, 
the egg of Cottus scorpius is of about the same size as the egg of the 
plaice—the yolk alone, indeed, is somewhat smaller. The former hatches 
in between three and four weeks. The larva is about 7°5mm. in length, 
and has the mouth open, and is in other respects well developed. : The 
egg of the plaice at the same mean temperature hatches in about sixteen 
days ; the larva is about 4*1mm. long, delicate and slender, destitute of a 
mouth, and is otherwise ill developed. 

Thus a group of facts associated with the embryonic and. larval stages 
is explicable by a knowledge that the yolk is diluted in pelagic eggs. 

Another group relates to the adult condition. The rapid expansion of 
the ovum to three or four times its previous size makes it physically 
impossible for a female producing pelagic eggs to carry all her eggs in the 
mature distended state, because the volume of the ripe eggs may 
approximate to or exceed the volume of the body of the fish. Fishes 
whose eggs are pelagic are far more fecund than those whose ‘eggs are 
demersal.* I have computed the mean number produced annually by 
each female of twelve species with demersal eggs to be 24,700, while the 
mean number produced by each female of thirty species with pelagic eggs 
is 2,388,000. This excessive fecundity, while dependent. for the most 
part on the vicissitudes to which a wandering egg is exposed, is also, no 
doubt, related to the imperfect character of the embryo when born. Some 
species could possibly carry all their eggs if the mature condition was the 
opaque stage before hyaline expansion occurs, and they were then extruded. 
The mean gross volume of the eggs produced each season by a female in a 
number of species is nearly as follows—the calculation being based upon 
the average volume of the individual egg and the number of eggs 
produced :—Plaice, 1129 cubic centimetres ; cod, 6233 c.c.; haddock, 
718 ce. ; turbot, 4723 c.c.; halibut, 86,196 ec. A female cod, 324 
inches in length, and weighing 14lb. loz., had a volume of 6250 ce. 
The ovaries, which contained fully matured eggs, and were probably partly 
spent, weighed 3lb. 30z., and possessed a volume of 1682 ¢.c., so that 
the volume of the body of the fish, minus the ovaries, was 4568 cc. It 
was calculated that the number of eggs present was over 4,550,000, 
which, in the mature distended state, would occupy a volume of about 
6261 c.c., or considerably greater than the bulk of the fish. In the 
flounder, again, which is probably the most fecund of sea fishes, the 
contrast is still more striking. A very large female examined in 


* Vide Comparative on of Sea Fishes. Ninth Annual Report, Fishery Board 
Jor Scotland, Part wi., p. 248, 
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February, when the eggs were not fully mature, weighed 1lb. 154o0z., 
and was 164 inches long. The gross volume of the fish was 951 c.c. ; 
the ovaries, which weighed 640z,, had a volume of 170 ¢.c., so that the 
volume of the body was 781 c.c. The number of eggs in the ovaries was 
computed to be 2,733,000, the volume of which in the mature state 
would be about 1114 c.c. 

The expansion of the pelagic ovam at maturation is therefore a direct 
cause of the prolonged spawning period in those species whose eggs are 
pelagic. In conclusion, it may be said that a comparison of the change 
in the demersal and pelagic egg does not support the hypothesis that 
the pelagic ovum is the more primitive type, because the latter 
exhibits a more specialised development of a feature that is common 
to both, and whose primitive significance is unconnected with the flotation 
of the ovum. 


EXPLANATION OF PLATE I. 


Fig. 1. Section of ovary of haddock (Zeiss A. oc. 4). 
Fig. 2. % - P x 200. 

Fig. 3. - ovum of gurnard x 200. 

Fig. 4 4 ova of plaice x 200. 

Fig. 5 va £3 », (Zeiss A. oc. 4), 
Fig. 6. 4 ovum of eel, showing oil vacuoles, 
Rigs 4 7 we solenette x 120. 


Fig. 7a. Germinal vesicle of young ovum in same section. 


Fig. 8. Ovum of flounder, showing the presence of the internal vitelline 
membrane. 


Fig. 9. The same, more magnified. 


Fig. 10. The same, showing its presence in the unruptured egg. 


Fig. 11. Showing the germinal vesicle escaping by pressure. 
Fig. 12. 7) 2 ” rE) 29 29 
Fig. 13. - os », between two ova on slide, 


Fig. 14. Section of mature hyaline egg of plaice, with a small part of the 
yolk still undissolved. The egg-capsule is shown too thick and 
swollen. 


Fig. 15. Section of mature hyaline egg of plaice, the yolk-spherules completely 
dissolved, 


Fig. 16. Section of unripe ovum of herring, showing the yolk-spherules, germinal 
vesicle, three-layered zona. 


Fig. 17. Ripe egg of herring, showing the partial fusion of the yolk-spherules 
and the aggregation of the germinal protoplasm; germinal vesicle 
disappeared, 


Fig. 18, Germinal vesicle of lemon sole in the fresh condition, showing fibrille 
passing among the yolk-spherules, 


Fig, 19-24. Transition stages from the nearly spent ovary of a flounder, showing 
various appearances. 


Fig. 25. Surface markings on zona radiata of sole (A) and tusk (B); a, of opaque 
eggs ; b, of translucent mature eggs, 
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III.—THE OVARIES AND OVARIAN EGGS OF THE ANGLER 
OR FROG-FISH (LOPHIUS PISCATORIUS), AND OF 
THE JOHN DORY (ZEUS FABER). By T. Wemyss 
Fuutron, M.D., F.R.S.E., Scientific Superintendent. (Plates 
II, III.) 


1. Toe AneteR or Froe-Fisa (Lophius piscatorius). 


The embryonic development of this fish has been described by Agassiz 
and Whitman,* and by Prince,7 but hitherto no detailed account appears 
to have been given of the ovaries and ovarian eggs, Some years ago I 
described the ovaries in a female caught in January as forming a wide, 
flattened, thin-walled tube, about twenty feet in length, the eggs being 
arranged in a layer in the form of a band occupying half the circumfer- 
ence of the tube, and I stated that they were coiled up in the abdominal 
cavity and exhibited worm-like or gliding movements.t More recently 
I have been able to make a more complete study of the ovaries and 
Ovarian eggs. 

The ovaries are confluent, and, as stated, form a single, long, flattened 
tube or band, whose dimensions vary with the size of the fish and the 
season of the year. In the following Table are given the dimensions and 
particulars of some of the ovaries examined :— 


ute a ' Ovaries. 
Length o ace 0 
Date. Fish. Capture. Thick 
Length. |Breadth|, aaa ‘| Weight. | Condition. 
Feb. 18, 1891, | 4 feet K. Coast, 36 feet. 10 in. -- | 103 Ibs. Nearly ripe 
Mar. 28, ,, Se sd $91 feet. ae over 25 lbs. ae 
May 25, ,, | 3feetSin. | Firth of Forth. | 17 feet 7 in. 54 -. |41bs. 202. ag 
July 7,1897,| 3 feet 24 miles E. of | 17 feet lin. | 62 in. | 3mm,| 5 Ibs. 13 0z. | Not ripe 
May Isle 
Feb. 9, 1898, | 4 feet 3 miles W. Bell | 8feet10in. | 34 in. |] .. ae + 
Rock. 
» ll, ,, | 4feet2in. | 7 milesS.S. E. | 29 feet lin. | 183 in. | 4mm.| 14 Ibs. 6 oz. | Almost ripe 
May Isle. 
Ee ae k 5 nue 8.S. E. | 9 feetSin. | 42 in. | .. (2 Ibs. 5 oz, | Not ripe 
fay. 
ap aheah 23% AE Off May Isle 29 feet. 7 in. -- |9 Ibs. 2 02. $ 
op bed nS =e a 23 feet2in.| 8 in. -. | 61bs. 33 oz. a 
Mar. -5,, ”,; be Ff 38feet2in.|1 in. |] .. as Immature 


As the floating gelatinous band in which the eggs are imbedded has been 
found as late as July, it would appear that the spawning period of 
Lophius extends from February to about the end of June. Large females 
examined on the 9th and 11th July were spent; a female three feet 
nine inches long, caught on 20th May, had the eggs scarcely half 
developed ; one, two feet six inches in length, caught on 21st May, was 
in the same condition ; one, two feet three inches long, caught on 22nd 
~ November, was less advanced. 

In the specimen with almost mature eggs, caught on 11th February, the 
ovaries measured a little over 29 feet in length, the greatest breadth was 
134 inches and the thickness was only 4 millimetres. It formed a long, 


* Memoirs of the Museum of Comparative Zoology at Harvard College, Vol. xiv., 
No. 1, Parti., p. 16 (1885). 

+ play sane Report Fishery Board for Scotland, Part iii., p. 343 (1891). 

+ Ibid. p. 245. 

§ Dimensions and weight given by Fishery Officer, 
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flat, semi-translucent gelatinous band, soft and easily ruptured, and 
suspended by a broad but delicate mesovarium (Plate II., fig. 1, a). The 
ovaries form a continuous tube, the oviduct (b), which is thick-walled and 
narrow—admitting a finger with difficulty—opens into it at its middle, — 
at the junction of the ovigerous and non-ovigerous sides. The ovigerous 
tissue is limited to one side of the tube, the opposite wall of the ovary, 
which at this stage is a very thin, delicate, translucent membrane, being 
closely applied to it. On section, therefore, across the length of the 
ovary the appearance is as shown in fig, 4, the ripe or nearly ripe egas 
being arranged in a single layer, imbedded in the tenacious gelatinous 
matrix. 


At an earlier stage the non-ovigerous wall is considerably thicker 
(Plate IT., figs. 8, 9). No free fluid is present in the ovaries. Whena 
portion of the ovigerous wall is cut out and placed in sea-water it swells 
up considerably from the absorption of water, the gelatinous matrix 
becoming mucoid, glairy, and slippery; if it is left exposed to the air it 
dries up to form a thin film or layer from which the eggs project, The 
gelatinous matter does not lose its transparency or become white in 
water or by boiling, and as the eggs become chalky-white under these 
conditions the piece of ovary looks a mass of half-boiled sago. The ~ 
ovigerous layer scraped off from the ovary floated in sea water of 1026 
specific gravity (temperature 16°8°C.), and the eggs, unless carefully 
separated from the mass, also float owing to adherent mucoid matter. It 
is a little difficult to detach the eggs without rupturing them, owing to 
their very thin capsules ; but when this is done they sink in sea-water, 
although not so rapidly as thick-shelled demersal eggs like those of the 
lumpsucker. Dr. Milroy determined the specific gravity of the detached 
eggs to be 1-034. 

On dissecting a piece of the ovigerous wall, which has been hardened 
by spirit or by boiling, especially before the eggs are quite mature, it will 
be found that each large egg is contained in a pyriform pouch which pro- 
jects into the cavity of the ovary, and which, in such specimens, may be 
easily separated at its pedicle (Plate II., fig. 7). It may also be observed 
that within this pouch at its base there are several small eggs. Hence the 
internal surface of the ovigerous layer in such specimens has a papillose 
appearance. 

The structure and forlnation of the ovigerous pouches are bobtar under- 
stood from mounted sections. From Figures 8 and 9, Plate II., it will be 
seen that at the point where the smooth barren wall of the ovary passes into 
the ovigerous wall the latter is split into two more or less distinct layers, 
separated by a thin, loose, mucoid or cellular tissue in which are numerous 
blood-vessels. The connective tissue fibres in the thin outermost layer 
are for the most part transverse ; those in the thicker inner layer are 
principally longitudinal. The loose intermediate tissue is full of lacuna, 
or lymph spaces, which become more marked as the ovary ripens, and are 
continuous with the interior of the ovigerous pouches. The pouches are 
formed by digital ingrowths of the epithelium lining the ovarian cavity 
and of the subjacent connective tissue stroma, which carries blood capil- 
laries with it. Each of them at an early stage contains a number of eggs, 
it may be about a dozen, two, three, or four of the most distal being at 
this time sub-equal in size; but as growth proceeds one of the eggs 
develops much more rapidly than the others and comes to occupy the 
whole of the cavity except the stalk. The other eggs remain in a 
stationary condition without forming yolk. In the mature ovary they 
are crowded and distorted at the base of the large egg in the pedicle of 
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the pouch, where they persist in the spent ovary; in both cases they are 
vacuolated chiefly at the periphery, and they probably degenerate. 


The cavity of the ovary is lined throughout with prominent columnar 
epithelium (fig. 8 a, Plate II.), which, between the bases of the ovigerous 
pouches, may be in two or three layers (fig. 3, Plate [II.). This 
epithelium is reflected on to the surface of the pouch, where it becomes 
cubical or rounded and then flattened, and it is difficult to differentiate 
it in the earlier stages on the sides and top of the pouch. Later, as the 
yolked eggs become large, the epithelium on the surface of the pouch 
again assumes a cubical form. 


In the early stages gelatinous matter between the pouches is not 
apparent. Thus in sections of the ovary of a large female caught on 20th 
May, in which the largest eggs measured about 0°24mm. and were desti- 
tute of yolk, the interspaces were free from it; but in a specimen caught 
on 9th February, in which the largest eggs were full of yolk and measured 
about 0°9 mm. (in mounted sections), the gelatinous substance formed a 
layer ranging about 0°'17mm. in thickness over the distal ends of the 
pouches—in some places it was 0°36mm. thick. The quantity between 
contiguous pouches was very small except in the neighbourhood of the 
pedicles. In mounted sections of the ovary containing almost mature 
eggs (1:'45mm. in section) the layer covering the eggs measures about 
0°32mm. in thickness, and the whole of the rest of the pouch is 
covered by a thinner layer. The clear gelatinous matter stains 
faintly but irregularly with hematoxylin. With regard to the 
origin of the gelatinous substance, Cunningham has made the very 
natural suggestion that it arises by a modification of the outer surface 
of the zona radiata,* but this is not the case. It is situated not only out: 
side the follicle but outside the ovigerous pouch ; that is to say, it lies in 
the cavity of the ovary, and it is in reality formed as a secretion by the 
columnar epithelium. The epithelium lining the barren wall of the ovary 
takes no part in its formation, but that between the pedicles of the oviger- 
ous pouches, and covering the surf:ce of the latter, actively secrete it. The 
whole of the cells composing the epithelium which lines the ovigerous side 
of the ovary proliferate, swell up in an extraordinary manner, and undergo 
a marked transformation, so that they appear as large clear vesicles, re- 
minding one of the so-called goblet cells of mucous membranes (fig. 13, 
Plate II.). On surface view the cells appear polyhedral (fig. 6, Plate IT.), 
and the change that occurs might be described as a mucoid degeneration. 


When the large mature eggs escape from their follicles they pass into 
the gelatinous secretion, and the mass is extruded no doubt gradually. 
The process of expulsion through the narrow oviduct would appear to be 
a matter of difficulty ; and the mode in which fertilisation takes place is 
also a little puzzling. If insemination occurred before extrusion of the 
eggs, impregnation would probably be facilitated ; and Yarrell, quoting 
from Montagu’s MS., states that the males and females differ, a point I 
neglected to investigate. The males, at all events, are much more numer- 
ous than the females, in the proportion of 100 to 26, and it is probable 
that several males attend the female during oviposition, 

Sections of the spent ovary show the large pouches, containing the 
winding wall of the follicles, from which the mature eggs have escaped, 
and a considerable quantity of gelatinous substance outside, which has 
split up into a curious comb-like structure and taken a deep stain in 
preparations preserved in Perennyi’s mixture. The small yolkless eggs 
at the base are vacuolated and apparently degenerating, and it appears 


* “The Natural History of the Marketable Marine Fishes of the British Isles,” p. 340. 
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that the connection of the pouches with the germinal epithelium and the 
wall of the ovary ceases. They appear to become detached, and the 
epithelium may be traced as a thin single layer, the cells being small and 
rather cubical or rounded than columnar, over the now very attenuated 
wall of the ovary. The detached follicles, pouches, and debris must either 
be extruded later or absorbed. The condition of the epithelium points to 
an exuviation taking place, and the gelatinous matter probably consists 
not only of mucin secretion but of the great mass of the cells also which 
have undergone mucoid degeneration. 

The almost mature egg of the angler, separated from its gelatinous 
matrix, measures about 1°7mm.; it is spherical, with an extremely thin 
capsule, about 0°006mm. in thickness, in optical section; in mounted 
sections it measures only 0:004mm., and consists of a single layer. It 
has a specific gravity of 1034. On examination with a lower power it is 
semi-translucent, several oil-globules of different sizes being apparent, and 
numerous yolks-pherules ; by reflected light it has the whitish, watery, 
and granular appearauce of a melting snowball (fig. 5, Pl. II.). ‘The 
germinal vesicle cannot be detected in these eggs in the fresh state. On 
rupture under the cover-glass oil droplets and yolk-spherules of various 
sizes pour out. A section of a piece of an ovary containing these almost 
ripe eggs is shown in fig. 13, Pl. II. They measure in section about 
1'4mm.; the yolk-spherules have fused into large droplets here and 
there, which appear in section as somewhat rounded or irregularly- 
shaped curdled masses, mostly towards the periphery of the egg. In 
the centre the spherules are as a rule much smaller and more like their 
condition in the previous opaque stage. In some of these sections an 
excentric germinal vesicle, in process of degeneration, is present. 

I shall now briefly describe the character of the ovarian eggs in other 
sections, beginning with the smallest. JI have not yet attempted specially 
to trace the formation of the primitive ova from the germinal epithelium, 
but some of the appearances seen may be described. The earliest stage 
in the formation of the ovigerous pouch consists in a slight papillary or 
broadly conical elevation of the columnar epithelium covering the floor of 
the ovary. The space below this elevation is clearer than the subjacent 
tissue, and minute clear spherical cells can be seen in it, apparently aris- 
ing from the proliferation of the basal cells of the epithelial layer. In 
larger cones one may see the loose connective-tissue stroma, which con- 
tains numerous nuclei, occupying the interior, with capillary blood-vessels 
and also the smaller eggs. In a section of an ovary from a fish (size 
unknown) captured on 5th March, preserved in platino-aceto-osmic 
mixture and stained with eosin and hematoxylin, the young ovigerous 
pouches are well seen. There are no traces of old follicles. The epithelial 
lining is well marked, and composed of a single layer of low columnar clear 
cells. The following features are visible with the 2mm. immersion lens of 
Zeiss and compensating ocular 4:—At the narrow part of the stalk of a 
pouch, where the epithelium becomes reflected on to the latter, the cells 
are somewhat irregularly heaped up, many are oval and some spherical, 
and each contains a small brightly-stained nucleus and a very scanty 
ill-defined network in quite clear unstained contents. On the sides of 
the pouch the cells become oval and then flattened to form its covering ; 
but at the part where the epithelium passes from the stalk to the base or 
side of the pouch there is an interruption of its continuity, and minute 
cells are to be found under the epithelial layer. These seem to be 
detached epithelial cells which have insinuated themselves into this posi- 
tion, and they constitute the smallest ova that can be distinguished as 
such with certainty. 
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The smallest of these ova differ only in appearance from the few 
spherical epithelial cells above referred to in the layer at the base of 
the pouch in being larger and in having the scanty reticulum some- 
what better defined. One measured 0:0056min., and the _highly- 
stained granule, or nucleolus, in the interior was not above ;/,th 
of the diameter; the diameter of one of the round epithelial cells 
outside the pouch was about 0°0035mm. In those a little larger, mea- 
suring about 0:008mm. in diameter, no single prominent stained granule 
or nucleolus can be seen, but the network is now very obvious, though 
somewhat scanty, the meshes being larger and the threads very finely 
granular, and there are a number of minute net-knots brightly stained. 
In the germinal vesicle, as it may now be called, 0°011mm. in diameter, 
the network has obviously increased and become closer, the meshes being 
smaller and the karyosomes more numerous, but still minute. The general 
appearance of all these stages is a clear transparent vesicle with a slender 
network that seems in the smaller ones to be chiefly arranged against the 
inner surface. In some of the size stated (0°011mm.) a faint crescent may 
be detected, at one side in which are a number of stained granules looking 
like nucleoli. In eggs somewhat larger the cytoplasm consists very fre- 
quently of a crescentic cap placed at one end of the usually ovate germinal 
vesicle, or when the germinal vesicle is spherical it is arranged around it 
more regularly. For example, an egg with a germinal vesicle, 0°0168mm. 
by 0:028mm., was destitute of cytoplasm except at one end, where it 
extended 0°011mm. in a rapidly tapering cap. The wall of the germinal 
vesicle was very delicate and everywhere highly stained, and it con- 
tained a very dense achromatic network, towards the centre of which 
what seemed to be minute granules could be indistinctively perceived. 
The most striking difference in the germinal vesicle, as compared with 
the previous stage, is the presence of a few minute brightly-stained 
nucleoli at the periphery, the comparative absence of karyosomes, 
and the dense network. The cytoplasm, as in all small teleostean 
eggs, 1s very highly stained, and in these preparations it contains a 
large number of highly-stained particles as large as the nucleoli, 
the matrix, which is finely granular, being also highly stained. In 
eggs a little larger these stained bodies are also conspicuous ; some of 
the larger are surrounded by a narrow clear zone, like yolk-nucleoli, and 
in some cases they are disposed in ball-like clusters. I have been 
able to trace them into the conspicuous yolk-nucleus present in eggs 
a little more developed. The appearance of the cytoplasm in eggs 
measuring about 0'12mm. shows a cvarsely granular appearance, but 
not the presence of the definite particles described, and it is less 
deeply stained. The appearances in the ova above described are 
consistent with the growth in the germinal vesicle of the minute 
eggs of a dense network, the formation of karyosomic nucleoli in this 
network, the growth and transference of these to the periphery of 
the vesicle as the characteristic nucleoli, with marked achromatic 
appearance of the network, and their transference to the cytoplasm 
around. In these pouches of the angler the gradation of the depth 
of staining of the cytoplasm in eggs of different sizes is very well 
shown, the small ones at the bottom of the pouch being most intensely 
coloured, the depth of tint diminishing as the size increases. In the 
larger eggs in these sections, measuring about 0-08mm., a yolk-nucleus is 
distinct. With a low power it appears asa round body, more deeply 
stained than the cytoplasm, and surrounded by a pale zone; sometimes 
it is flattened out and ovate at the extreme periphery, sometimes close to 
the wall of the germinal vesicle; in one case it lay over the germinal 
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vesicle and appeared to be contained within it, but as a space existed 
near to the margin of the latter it had probably been displaced in cutting. 
With moderate powers the margin of the yolk-nucleus is ill-defined, 
appearing to shade off into the clear zone, which is clear because of the 
absence of the granular protoplasm. Examined with the 2mm. oil 
immersion, ocular 4, it appears finely granular without definite structure. 


Another feature in these eggs must be referred to. In the fresh con- 
dition, the germinal vesicle is seen to be more or less surrounded by 
aggregations of minute oil-globules, which are also scattered throughout 
the cytoplasm (fig. 10, Pl. I3.). These clusters of little oily globules 
are conspicuous when the egg is examined with a low power (Zeiss A., oc. 
2), the intervening spaces appearing clear. But when it is examined 
with 4mm. Zeiss apochromatic, oc. 2, the intervals are seen to be crowded 
with immense numbers of very minute globules, invisible under the lower 
power. 


The outline of the germina] vesicle in these small fresh eggs is difficult 
to make out, and appears as a delicate line, while neucleoli could not be 
detected within it ; thus differing from the ordinary condition seen in the 
pelagic ovum. In the osmic preparations the oil-globules appear as black 
opaque dots, or aggregations of dois (showing fusion of the globules as a 
tule), although they were treated in the ordinary way, and mounted in 
balsam. In eggs as small as 0°036mm. a few black specks may be 
observed. In specimens preserved in picro-sulphuric acid, vacuoles— 
fewer and larger—represent the position of the oil-globules. 


The conditions of the germinal vesicle or cytoplasm above described 
were also found in sections of the ovary of a specimen 45 inches long, 
caught on 20th May, preserved in Perennyi’s fluid, and stained with 
saffranin, eosin, and hzematoxylin; as well as in sections of the ovary of 
a fish, 48 inches in length, caught on 9th February, preserved in picro- 
sulphuric acid, and stained in the same way. This ovary contained 
yolked eggs, and the smallest eggs present measured about 0°018mm. 
The yolk-nucleus is very well shown in the former series (fig. 12, Pl. 
I1.), but yolk formation has not begun. 


The only sections I possess showing the presence of yolk in the im- 
mature eggs are those just referred to, in which it is far advanced ; the 
smaller eggs, at the base of the pouches, are pale, and more or less 
vacuolated at the margin. The appearance of the larger yolked eggs is 
shown in fig. 11, Pl. II. It will be observed that the larger 
spherules are placed towards the periphery, as if the growth of the 
cytoplasm in the eggs of the angler took place from the germinal vesicle, 
outwards—compare the eggs of the dory in fig. 11, Pl. II It will also 
be noticed that the network of vacuolar spaces usually present around the 
germinal vesicle in eggs possessing an oil-globule is absent in these ; the 
small oily droplets are probably interspersed throughout the cytoplasm, 
and collect at maturation. In these mounted sections the granular 
contents of the yolk-spherules car scarcely be detected, but they are 
stained intense red. In spirit preparations the spherules appear as an 
aggregation of solid bodies. 


In the larger yolked eggs the nu:leoli are very conspicuous and highly 
stained. They are composed of a large number of smaller spheres, vesicles, 
or granules. They collect at the centre of the germinal vesicle, and some 
of them undergo disintegration, while in the clearer central part, within 
the circle of nucleoli, numerous minute corpuscles or granules become 
arranged in chaius, in the form of loops or coils. The process, 
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as well as the chauges in the gerininal vesicle in more advanced eggs, is 
more fully explained elsewhere (see p. 108). 


2. Tue Joun Dory (Zeus Faber). 


The eggs of this fish have not hitherto been described, but the spawn- 
ing period is fairly well ascertained. Holt, during the scientific survey 
of the fishing ground on the west coast of Ireland, found females ripe 
in July and August, and one spent in June.* Cunningham? also found 
ripe females in August, at Plymouth. The eggs, however, have not been 
described, Cunningham suggests that they may be of the same type as 
those of Capros aper, namely, buoyant and transparent ; but an examina- 
tion of the ovarian eggs does not bear this out. 

I obtained the ovaries of a dory caught on 24th April, which weighed 
about three puunds, the ovaries weighing just a little over three ounces, 
Each ovary was flattened, broadiy tongue-shaped, and attached to its 
fellow by the inner margin or hase by strong fibrous tissue—that is to say, 
connate ; it measured eight centimetres in length, and the attached margin 
was also eight centimetres long (fig. 8, Pl. IIL.). The capsule was markedly 
thick and tough. On cutting the ovary open, the lumen was found to be 
relatively very large, and the ovigerous lamelle projected at most about 
one centimetre into the sac. The ovarian stroma was abundant, dense, 
and tough, and the largest growing eggs were about 1:3mm. in diameter. 
On carefully searching the lamellsz I discovered a few large eggs, obvi- 
ously a remnant from the preceding spawning period. The largest of 
these was shrunken, the zona being wrinkled and crumpled, but by soak- 
ing it in water it was made to assume more of its normal shape. It was 
white and opaque-looking to reflected light, the zona showing distinct 
appearance of concentric lamination. On putting on the cover-glass 
its weight alone pressed out some of the yolk, and also globules of oil, 
and the egg in this condition measured 2°72mm, In optical section the 
capsule showed three distinct layers, and was 0'15mm. thick. Under 
a low power the surface of the capsule exhibited fine wrinklings, like 
interwoven convolutions (Zeiss .A., oc. 2), and very fine apparent stria- 
tions. On applying pressure to the cover-glass more oily matter exuded, 
and the capsule burst. The surface of the flattened membrane now 
appeared minutely dotted, the dots being arranged, or catching the eye, 
in linear order, and a high power revealed a minutely honeycombed 
appearance, without wrinkles. The diameter of the flattened capsule 
was 348mm. Another capsule found among the lamine measured 
2°88mm. under the cover-glass, without any pressure but its weight. 

Eggs smaller in size, but still large for ovarian eggs, were found 
imbedded in the stroma. One of these measured 1°39mm., as taken 
from the ovary ; immersed in sea-water it measured 152mm. It was 
white by reflected light, and quite opaque, and was still contained 
within the follicular investment, blood-vessels being visible on the 
surface. On being isolated and placed under the cover-glass the contents 
had a brownish appearance with transmitted light, and two separate 
groups of oil-globules were faintly visible—one consisting of three and 
the other of four larger globules, each being about 0:°08mm., with 
humerous smaller globules, about 0°018mm., around them. Some 
other eggs, slightly smaller, contained a prominent oil-globule of a straw 
colour; thus, in an egg of 1:02mm. the globule measured 0°25mm. 

* Report of the Council, Royal Dublin Soc., p. 245. 1892. 


+‘‘The Natural History of the Marketable Marine Fishes of the British Islands,” 
p. 822. 1896, 
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The eggs are so resistant that very considerable pressure is required to 
rupture them, behaving in this respect like most thick-shelled demersal 
ova, and differing from all pelagic. The larger eggs sank at once in sea- 
water of specific gravity 26-7 (temperature 12°6° C.). After seaking the 
eggs in a 2 per cent. solution of common salt the position of the ger- 
minal vesicle was indicated by a lighter circular area in the centre ; it 
may also be shown by pressure, but not until the egg is considerably 
flattened. 

The follicular investment of these eggs is thick, and so tough and 
elastic, that after the zona had been ruptured by pressure it allowed the 
yolk to bulge it outwards, and to strip it in some cases almost entirely 
from the capsule. The dense follicle is also a point in which the ovarian 
eggs of Zeus faber differ from ovarian eggs that become pelagic. The 
flattened capsule had a thickness of 0°05S8mm. in these half-grown eggs, 
and the double layer of which it is composed was well marked. It is 
shown in section in Plate IIL., figs. 10, 11. 

It is, however, in the yolk that the demersal character of these eggs is 
perhaps most apparent. The yolk does not flow from a rupture in the 
capsule in the fluid manner that it does in the opaque stage of pelagic 
eggs; it escapes from a small orifice as a coherent column or 
ribband, only semi-fluid or jelly-like, and it consists of a protoplasmic 
matrix, in which solid-looking bodies are imbedded. These bodies are 
the yolk-spherules, which in the fresh condition are not all spherical, but 
as a rule somewhat irregular in shape. The larger ones measure from 
about 0°04 to even 0°10mm., and they take on a deep stain (Plate Ill, 
fig. 10). With a moderately high power two forms of small spherules 
can be distinguished—(1) oily-looking and refringent, showing optical 
concentric lamination ; (2) true yolk-spherules, not very refringent, and 
full of minute dark, almost black, granules. In mounted sections they 
appear like mulberries. Besides these, numerous larger oil-globules are 
contained in the cytoplasm. 

The opaque yolked eggs ranged in size from the large ones described 
down to about 0°35mm.; smaller ova, destitute of yolk, were present in 
considerable numbers, and others in which the deposition of yolk at the 
periphery had just begun (fig. 9, Plate III.). Before any yolk is formed oil- 
globules appear for the most part in the protoplasm immediately around 
the germinal visicle, which is thus obscured; this condition may be 
observed in eggs as small as 0'l6mm., in which an envelope, or zona, is 
formed (fig. 2, Plate III.). By pressure under the cover-glass the dark 
ring or shell of oil-globules may be made to travel with the germinal 
vesicle towards a rupture in the capsule, where they become detached in 
little clusters and escape. In mounted sections prepared in the ordinary 
way the oil-globules are dissolved, their position being indicated by 
empty spaces (figs. 9, 10, 11, Plate III.). Thus the germinal vesicle 
appears to be surrounded in such sections by a vacuolated zone. 

The germinal vesicle exhibits the usual characters found in the ovarian 
egg of Teleosteans. The nucleoli are conspicuous and highly stained, 
some of them showing a central brighter area or vacuole (fig. 12, Plate 
IIl.). In some cases the central part of the germinal vesicle contains 
chains of minute stained spherules, or chromosomes, resembling those 
seen in the advanced eggs of the angler (see p. 103, Plate IIL, figs. 12, 14). 

Sections were made of the ovary of another fish, 20} inches in length, 
caught on 22nd July. . In this specimen the eggs are notso far advanced, 
the larger being about 0°45mm., and numerous old follicles, like those 
described by Cunningham in the ovaries of the plaice and gurnard,* 
were present. 


* Quart. Journ. Micr. Sci., Vol. xl., p. 114, 1897. 
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_ From the above observations it would appear that the mature eggs of the 
John Dory are large, probably ranging between 2°5 and 2‘8mm., that they 
contain one or more oil-globules, and are demersal. ‘The demersal nature 
is indicated by the comparatively dense. fibrous tissue of the stroma and 
follicle, by the thickness of the capsule and the presence of a well-defined 
double layer, by the character of the yolk, especially of the spherules, and 
by the general hardness and resistance to pressure. In all these features 
it contrasts with ovarian pelagic eggs. 

The condition of the eggs, as regards their degree of development and 
the large empty cavity in the ovaries, points to the spawning period being 
some months later than April. 


EXPLANATION OF PLATES. 
Prats: II. 


Fig. 1.—Ovaries of the Angler (Lophius piscatorius), 29 feet long, extracted in 
February from a female 4 feet 2 inches in length, containing almost ripe eggs (shown 
in fig. 13); a a, delicate membranous mesovarium ; 0}, oviduct. Scale—half an inch 
toa foot. (The distribution of the blood-vessels is to a large extent diagrammatic. ) 


Fig. 2.—Central part of the same, showing the junction of the two ovaries and 
the oviduct. Part of the thin, barren wall of the ovary has been cut away to show 
the inner surface of the ovigerous wall—the ovigerous pouches are represented as 
circles in the gelatinous matrix; the distribution of blood-vessels exactly shown. 
Scale—2 inches to a foot. 


Fig. 3.—Part of same ovary from which a piece of the barren wall has been 
removed, showing the ovigerous pouches projecting into the gelatinous matrix. 
Enlarged. 


Fig. 4.—Cross-section of the same ovary showing the germinal wall, with the 
egg-pouches arranged in a single layer, and embedded in the matrix; the barren 
membraneous wall has been raised by a hook. (Slightly diagrammatic.) Scale—6 
inches to a foot. 


Fig. 4a.—The same, showing the junction of the ovigerous and non-ovigerous 
walls. Enlarged. 


Fig. 5.—Nearly mature fresh egg of the Angler removed from the gelatinous 
matrix, showing oil-globules and yolk-spherules. Enlarged. (The capsule is repre- 
sented too thick.) 


Fig. 6.—Surface view of the epithelial mucin-secreting cells covering the outer 
surface of the ovigerous pouches, Magnified. 


Fig. 7.—An ovigerous pouch containing a mature egg, torn across at its base and 
removed. From a spirit preparation. Enlarged. 


Fig. 8.—Cross-section of part of an immature ovary of an Angler, 27 inches in 
length, caught on 22nd November; preserved in picro-sulphuric acid, and stained 
with hematoxylin and eosin, showing the junction of the barren and ovigerous walls, 
the splitting of the latter, the protrusion into the pouches, &c. Magnified. 


Fig. 8a.—Part of the barren wall of same, exhibiting the columnar epithelium. 
Magnified. 


Fig, 9.—Cross-section of part of an immature ovary of an Angler, 30 inches long, 
caught on 21st May, preserved in Perennyi’s fluid; showing same features as in 
Fig. 8. Magnified. 


Fig. 10.—Small egg of Angler, in the fresh condition, measuring 0°02mm.,, show- 
ing the clusters of oil-globules around the germinal vesicle. 
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Fig. 11.—Section of advanced ovum of Angler, 0°9mm. in diameter, from the 
ovary of a fish, 48 inches long, caught on 9th February. Preserved in picro- 
sulphuric acid, and stained with hematoxylin, saffranin, and eosin. a, Membrana 
propria folliculi. 


Fig. 12.—Section of eggs from the ovary of an Angler, 45 inches in length, caught 
on 20th May, showing yolk-nucleus in two contiguous eggs. Preserved in Perennyi’s 
fluid, stained as before, 


Fig. 13.—Section from the ovary shown in figs. 1 to 4, showing the mucoid secretion, 
the partial fusion of the yolk-spherules in the almost ripe eggs, &c.; g.v., germinal 
vesicle in process of disintegration (see fig. 4, Plate III.), the nucleoli breaking up 
into granules ; y, yolk partially fused ; m, mucoid secretion ; s.e., mucin-secreting 
epithelium ; w.o., greatly attenuated wall of ovary ; d.o., degenerating ova at base 


of pouches; fo,, follicle. | Preserved in picro-sulphuric acid, stained with 
hematoxylin, saffranin, and eosin. 


Fig. 14.—Section of ovary from which Fig. 11 is taken, showing the arrangement 
of ovigerous pouch ; a, large ovum represented in outline ; 0, base of pouch showing 
the upward protrusion of sub-epithelial tissue ; w.o., wall of ovary; s.e., mucin- 
secreting epithelium. 


Prater’ TTC 


Fig. 1.—Section of ovary of Angler showing arrangement of pouches, from some- 
what stale material ; preserved in picro-sulphuric acid, stained with borax-carmine. 
Magnified 50 times. a, Columnar epithelium. 


Fig. 2.—Small fresh egg of Zeus faber, showing the peri-nuclear zone of oil-globules. 


Fig. 8.—From the same sections of ovary of Angler as Fig. 11, representing the 
epithelial cells near the base of a pouch. Zeiss 2mm, oil immersion, comp. oc. 4. 


Fig. 4.—Germinal vesicle of the central ovum in the Angler in fig. 13, Plate IL., 
showing its disintegration at the inner surface of zona radiata, fusion of contents 
with scanty cortical layer of protoplasm, and the vacuolation and breaking down of 
the nucleoli into spherical granules. 2mm. Zeiss oil immersion, comp. oc. 4. 


Fig. 5.—Germinal vesicle of ovum of Angler, represented in fig. 11, Plate II., 
showing the disintegration of the nucleoli, the chromosomes or tangle in the centre, 
and chromatin granules dispersed throughout its substance. a, Nucleolar shell ; 
b, granular bodies. 2mm. Zeiss immersion, comp. oc. 6. 


Fig. 6.—Germinal vesicle of egg of Angler, from section shown in fig. 12, Plate 
II. 2mm, Zeiss immersion, comp. oc, 4. 


Fig. 7.—Peripheral portion of germinal vesicle of an egg of Angler, from same 
ovary as fig. 4, showing breaking down of nucleoli, the chromosomes or tangle, and free 
chromatic granules, stained with eosin, rubin, and orange. 2mm, Zeiss, comp. oc. 6. 


Fig. 8.—Ovaries of Zeus faber. Reduced. 


Fig. 9.—Section of egg of same, showing fused oil vacuoles and granulated 


cytoplasm, Preserved in picro-sulphuric acid, stained with hematoxylin, saffranin, 
and eosin, 


Fig. 10.—Larger egg of same. 


Fig. 11.—Egg of same, showing oil vacuoles, yolk-spherules, and layers of 
capsule. 


Fig. 1la.—Yolk-spherules of same. 


Fig. 12,—Germinal vesicle of ovum represented in last figure, showing chromo- 
somes. 


Fig. 18.—Section of ovary of same, showing capsule and arrangement of eggs. 


Fig. 14.—Germinal vesicle of egg, same size as fig. 10, showing chromosomes 
nucleoli, and free chromatic granules, 2mm, Zeiss oc, 4. 
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IV.—THE PHYSICAL AND CHEMICAL CHANGES TAKING 
PLACE IN THE OVA OF CERTAIN MARINE TELEOS- 
TEANS DURING MATURATION. By T. H. Mrrroy, M.D., 
B.Sc., AssIstANT TO THE PRroFESsOR OF PuysioLocy, UNIVERSITY 
oF EDINBURGH. 


INTRODUCTION. 


Art the beginning of last summer (1897) I was requested by the Fishery 
Board of Scotland to continue some investigations which I had commenced 
at the suggestion of their Scientific Superintendent, Dr. T. W. Fulton. 
These investigations specially dealt with the alterations in specific gravity 
which the eggs of the plaice undergo during maturation, and also the 
changes in the water percentage in the same ova as ripening proceeds. 
I also examined at that time one or two specimens of ovarian fluid, in 
order to find out their composition. This research deals simply with the 
subject from the physico-chemical side, and leaves the histological un- 
touched, this latter part having been carefully worked at by numbers 
of scientists. In the very unripe ova of such marine Telosteans as the 
plaice, cod, haddock, one can easily make out the tunica granulosa cells 
outside and within the ovum, composed of its vitelline membrane, en- 
closing the vitellus in which the germinal vesicle lies. In the immature 
ovum this vesicle is very large, and centrally placed, and the protoplasm 
around it varies from a finely to a coarsely granular state. When the 
final stage of maturation is reached, a marked distention of the egg 
occurs, and this increase in volume is accompanied by a clearing up of 
the contents of the ovum, and the disappearance of the germinal vesicle. 

These changes occur both in pelagic and demersal ova, only, in the 
latter, they are not so marked, the eggs appearing, even when mature, 
not so clear as the corresponding ripe pelagic ones. The distinguishing 
character of the demersal ovum, as contrasted with the pelagic one, is, of 
course, the higher specific gravity, the ripe demersal ovum sinking while 
the ripe pelagic one floats in sea water. I have purposely described the 
changes in the most general way, as in studying the subject from the 
chemical side one can only hope, at least at first, to map out roughly the 
essential nature of the maturation process. 


CHEMICAL COMPOSITION OF THE Ovum. 


Before I goon to speak of the methods which I employed during 
the research, perhaps it would be advisable for me to run shortly over 
some of the most important points in connection with the chemical 
composition of the ovum, so far as it is known at the present day. In 
the egg there are, as in all living cells, the two great constituents, 
protoplasm and nucleus, with, in addition, that structure of secondary 
importance—the cell wall. In the first place, I shall discuss the nature 
of the protoplasm. | 
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PROTOPLASM. 


One must distinguish the small amount of protoplasm in the prim 
ordial egg from the larger amount of nutritive yolk present in the egg 
at later stages. The former is the formative or germinal protoplasm, 
the latter the nutritive yolk. One must not, however, forget that the 
latter is not to be regarded as simply nutriment to be burned up, 
but building material which, by gradual transformation, is changed into 
the formative protoplasm ; or, rather, some of its constituents pass from 
the nutritive yolk to the germinal protoplasm. In it are present the 
forerunners of the organised substance of the germinal protoplasm. The 
interchanges in the ovum during growth take place between nutritive 
and formative protoplasm, and then between the latter and the nucleus. 
The specific gravity of the nutritive yolk and formative protoplasm varies. 
In some cases the latter is of lower specific gravity, so that the nutritive 
yolk takes the lower position when the germinal disc is formed. In 
many cases, however, the germinal disc is of higher specific gravity, as 
in the ova of the marine Teleosteans, where it is situated, along with the 
micropyle, at the lower pole. Before the germinal protoplasm is collected 
into one mass, to form the germinal disc, it may be seen in many ova 
as a fairly well-marked zone around the vitellus, in the outer part of the 
egg. This is very well seen in the ovum of the cod. 

The consistence of the yolk alters in different ova, from solid yolk- 
plates in the cyprinoids to a fluid of a watery nature in the teleostean 
ova. Both are, however, of essentially the same chemical composition. 
If you add to the vitelline fluid of the salmon ovum acetic acid, you at 
once get a precipitate of a flocculent type, easily soluble in excess of the 
reagent, This precipitate contains phosphorus organically bound. On 
pouring the vitelline fluid into distilled water, a precipitate of the same 
nature is obtained. It is a nucleo-albumin, containing in it a body 
only with difficulty attacked by the peptic ferment of the gastric juice. 
This body is attached to the albumin. It has been carefully studied in the 
case of the vitellus of the hen’s egg. It isa paranuclein, that is to say, 
a body similar in some of its characters to the true nucleins which occur 
in the nuclei of some cells. eg., pus cells. It contains phosphorus 
organically bound, and is only slowly attacked by pepsin, like the true 
nucleins ; but, unlike those, it does not furnish nuclein bases on decom- 
position with acids. The yolk-plates, which have been described so 
frequently as occurring in different fish and amphibian ova, were at first 
regarded as composed of fat. Johannes Miiller, in 1842, said that these 
plates were soluble in boiling alcohol and ether, leading him thus to 
believe that they were of a fatty nature. Virchow, however, in 1850, 
showed that, in addition to fat, they contained a substance which gave 
proteid reactions. In 1854 Valenciennes and Frémy cleared up the 
subject much more than the previous writers. They separated the plates 
in a pure condition, and showed that they were of a proteid nature, but 
thought that they differed from the ordinary albuminous substances by 
giving no violet colour with hydrochloric acid. A point of far greater 
importance was that they were found to contain phosphorus in com- 
paratively large quantity, and organically bound. From the yolk-plates 
of different varieties of ova they obtained proteid substances, which 
differed in slight particulars from one another, and so they gave several 
names to these, e.g., ichthin, ichthidin, emydin. These substances are of 
the greatest importance physiologically, as being the first of the tissue- 
forming bodies to be prepared pure. For a long time it was supposed 
that they owed their phosphorus percentage to an admixture with 
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lecithin, although those who held this opinion might have seen how 
erroneous it was if they had read Valenciennes and Frémy’s paper, where 
it is stated that the percentage of phosphorus remained high (3 per cent.) 
even after prolonged extraction with warm alcohol and ether. Lecithin is 
always found with it, but can be removed in the way above described. 
Miescher found these plates in the eggs of Bombinator, and showed that 
in every hundred parts of the yolk-plates, sixteen were composed of 
lecithin. Miescher noticed also that the ash, after incineration, of this 
substance reacted acid, that is to say, phosphorus had been present in 
organic combination, not bound to bases. He also was the first to show 
that, after gastric digestion of the plates, an insoluble residue, containing 
phosphorus, was left ; and, from his examination, he thought he was 
dealing with a nuclein similar to that present in the nuclei of pus cells. 
It differs from these true nucleins in, as I have said before, not furnish- 
ing nuclein bases. The other constituents present in the yolk are fat, 
lecithin, albumin, inorganic salts, organic salts, cholesterin, pigments, 
and water. 


NUCLEUS. 


The nucleus, or in the case of the ovum, the germinal vesicle 
contains different albuminous substances, which are mostly characterised 
only by their affinity for certain stains. The chromatin of the histologist 
has been supposed to be identical with the nuclein of the physiological 
chemist, and has always been referred to as the important constituent of 
the nucleus. It is a phosphorus-holding albuminous substance, which is 
very resistant towards action of pepsin. It is characterised by the fact 
that on decomposition it furnishes nuclein bases. It is composed of an 
organic acid which contains all the phosphorus of the nuclein—nucleic 
acid—bound to more or less albumin. In the condition of mitosis, the 
organic phosphorus-holding acid, nucleic acid, is supposed to exist in 
the free state; but all our evidence in support of this is based simply on 
staining affinities of the acid, and is not conclusive. 

I do not believe that this true nuclein is present in the germinal 
vesicle of all resting ova, except in very small quantity. In fact, even 
when I have used large quantities of immature ova, I have been able 
to obtain it only in small amount. But when the ovum is fertilised 
true nucleins soon appear. Whether formed from albumen, or added 
on by the male pronucleus, I do not know. The subject still requires 
investigation. The paranuclein or pyrenin of the histologists is not 
definitely characterised, either histologically or chemically. Linin 
(Schwarz) is also an exceedingly indefinite body, as also Zaccharias’ 
amphipyrenin, the substance present in the nuclear membrane. 


VITELLINE MEMBRANE. 


The vitelline membrane is of a proteid nature, and is secreted by 
the ovum itself. | 


REACTION OF YOLK. 


All specimens of yolk which I have examined react acid when fresh, 
but if one incinerate the fluid, the ash which is obtained reacts alkaline ; 
that is to say, the acidity is due to an organic acid, probably lactic acid. 

The description of the changes which take place during maturation 
of the ovum with regard to the entrance of substances from without, and 
their passage to different parts of the ovum, I shall give later, when I 
have run over shortly the changes in specific gravity, etc., of the ova as 
ripening proceeds, 
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PHysicaAL AND CHEMICAL CHANGES IN THE Ova OF SOME MARINE 
TELEOSTEANS DURING MATURATION. 


The well-known changes during maturation of a pelagic ovum are the 
increased transparency of the yolk contents, the lowering in specific 
gravity, and the disappearance of the germinal vesicle. In the demersal 
ovum the same changes occur, ouly the processes do not go on so far. 
That is to say, the egg does become less opaque, of lower specific. gravity, 
and the germinal vesicle disappears. "Why and how do these changes 
take place? The increase in volume has been calculated by Dr. Fulton 
in a variety of ova, and I need only refer to his paper for a discussion of 
this subject from the histological standpoint. At his suggestion I 
investigated the subject from the more purely chemical side, Such 
questions as the following came up for solution:—Does the maturation of 
pelagic and demersal ova take place along the same lines? That is to 
say, does the composition of the pelagic and demersal ova alter in the 
same way as ripening takes place? What is the cause of the increased 
volume and transparency, aud the diminished specific gravity of pelagic 
ova, and is the change in the demersal eggs of the same type, only lesser 
in degree? Where do the constituents of the ovum come from, and how 
are they produced when the increase in volume takes place during 
ripening ¢ 


I shall divide up the work into the following sections :— 


(1.) A description of the methods employed during the research. 

(2.) Changes in volume, specific gravity, and percentage of water 
in different pelagic and demersal ova during maturation. 

(3.) Nature of the changes in the solids, e.g., albumins, nucleo- 
albumins, chlorides, fat, and lecithin. 

(4.) Composition of ovarian fluids. 

(5.) The réle of the phosphorus in maturation. 


A.—MetuHops UsEep For DETERMINATION OF SPECIFIC GRAVITY. 


I, Of the ovarian fluid, from unripe and ripe roes. This gave no 
difficulty. The method was simply weighing by means of the piknometer. 
The piknometer was weighed empty, full of distilled water, and then full 
of fluid to be examined, eg., Wt. of Pik. alone=P, P. + water=P!, 

‘mere 


P. + fluid = P!!; thus ae oe gr. of fluid. 


II. Of the unripe and ripe ova, This was more difficult, and in 
many cases the results were not wholly satisfactory. Four methods 
were employed :— 


(1.) By means of the piknometer. This is by no means a suitable 
method, as it is impossible in many cases to get the vessel, after 
filling it with ova, free from air bubbles. However, in the case of 
some unripe eggs it was carried out, but the results were never taken 
alone, but compared with those obtained by one or more of the other 
methods. 


(2.) By measuring the ova with the ocular micrometer, then 
calculating the volume, presuming the eggs to be spherical from the 


formula, 3 mr® (r=3'1416). Then a fixed number of ova 
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(fresh) were weighed. Knowing tke weight of each ovum, and 
having calculated “the volume of each, the specific weight, of course, 
is easily obtained. 

This does not give good results. In the first place, because the 
eggs, in most cases, are not complete spheres ; and, secondly, in the 
measurement they become flattened out as they lie on the slide. 
However many you calculate the diameter of, you are not in a 
position to accurately determine the volume. 


(3.) The method of taking the specific gravity by floating the 
egos in a series of vessels containing NaCl. Cl. solution of different 
specific gravities wasemployed. A large number of vessels was taken, 
and each was filled with salt solution of fixed specific gravity (this was 
noted down on a label affixed tojar). Then ova were dropped into each 
of these dishes, and those two vessels in which the ova could just 
float and just sank were noted, and between those two a further 
series of observations was made by dropping in more ova. The 
specific gravity of the fluid, which could just support the ova, was 
taken as the correct one for the ova. This is a good method, only 
is open to at least one fallacy—viz., that as the ova lie in the fluid 
osmosis takes place between salt solution and contents of ova; and 
hence, if some time elapse between the putting in of the ova and 
the determination of their specific gravity, some gradually sink, or 
some which have sunk may rise. In the extremely interesting case 
of the angler fish (Lophius), it is not the specific gravity of the 
ova per se that is of importance, but that of the ova imbedded in 
the jelly-like interstitial matrix, as it is in that form that the roe is 
spawned. 


(4.) The fourth method is one which may be termed estimation 
of specific gravity by displacement. It is only practicable with 
bodies that are insoluble in water. The ova are certainly not soluble, 
at least to auy appreciable extent, in water during the short time in 
which the determination is being made. 

It is carried out in the following way :—A piknometer is weighed 
filled with distilled water; then a quantity of the ova, sufficient to 
fill the greater part of the piknometer, is weighed between a pair of 
well-fitting weighed watch-glasses connected by a clip, the weight 
being carefully noted. Now all these ova are carefully dropped 
into the piknometer, when they fall to the bottom and displace an 
equal volume of water. The stopper is replaced on the flask, and 
the surface dried. Now the piknometer is weighed again. The 
specific gravity is, of course, now easily estimated, thus :—If w= wt. 
of ova, W = wt. of pik.+ water, W! =wt. of pik. + water (not dis- 

Ww 
W+w - W! 

This, I think, is the best method of the four described, and most 
of the estimations have been done by it; in fact, all have been 
controlled in this way. 


placed by ova) + w, then Sp. Gr. = 


B.—CaLcuLaTION OF DIAMETER OF OvVa. 


This was done by means of a Zeiss ocular micrometer, the value of the 
divisions in it being fixed by means of a stage micrometer. An average 
was taken for a large number of ova, 
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C.—VOLUME OF THE OVA, 


This was obtained either by calculation from the diameter or by 
estimating the volume of the water displaced by a known number of 
ova. I have omitted giving the volumes of the ova, as they are fully 
given in Dr, Fulton’s paper. 


D.—WEIGHT OF THE OVa. 


This had to be done very carefully. The ova were freed from adherent 
tissue or fluid) numbered, placed between weighed watch-glasses with 
clip to lock them together, and then weighed in Sartorius balance. This 
was done as quickly as possible, so that drying of the ova might be 
avoided. <A better method, and one which I employed also, was to weigh 
out two portions of ova, put one set into alcohol, and after the ova had 
lain for some time in the alcohol they were numbered. Knowing the 
weight before putting into alcuvhol, and now knowing the number, you 
knew the weight of each fresh. In this way you knew the weight and 
number of the ova in the other portion which can be weighed and dried. 


E.—PERCENTAGE OF WATER IN THE Ova. 


The ova, after being weighed as described under D., were placed in a 
drying oven, and kept first of all at temperatures varying from 80° to 90° C.; 
then the temperature was gradually raised until it reached finally 105° to 
110°. They were kept at this temperature until of constant weight. 
The loss of weight gave the amount of water in each ovum, and, of course, 
the percentage was easily calculated. 


F.—PERCENTAGE COMPOSITION OF THE Ova. 


Of the solids of the ovum after driving off the water, the most impor- 
tant are the nitrogen and phosphorus holding bodies, the fat and salts. 
It would require much more time than I had at my disposal to make a | 
complete analysis of all the ova sent me, so that in many cases I had to 
limit myself to the nitrogen and phosphorus. From the amount of 
nitrogen we can roughly calculate the probable amount of albumen, if 
such bodies as lecithin and nitrogen-holding salts can be excluded. 

The nitrogen was estimated by the well-known Kjeldahl method, all 
the nitrogen-holding substances having their nitrogen transformed into 
(NH,), SO,, and from this the ammonia distilled off and estimated. 

The phosphorus was estimated by Kjeldahl-Weibull method—that is, 
incineration of the ova with Cn SO,, K, SO,, and H, So, ; and the 
phosphate found estimated by the Ammonium-Molybdate method, the P. 
being weighed as magnesium-pyrophosphate, and phosphorus reckoned 
from it. 

Fat was estimated by extracting the dried and weighed ova by ether in 
Soxhlet’s apparatus until no more weight was lost, and then the ova were 
finally extracted for some hours with boiling alcohol. 

The loss in weight which the ova underwent gave one the amount of 
fat and lecithin present, or the amount of residue obtained after removal 
of the ether and alcohol by distillation gave the fat and lecithin present. 
Having estimated the amount of lecithin (in the way I shall next 
describe), you get the amount of fat by subtracting the amount of the 
former from the combined weight, | 
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Lecithin.—The alcohol and ether extract containing the lecithin was 
evaporated to dryness by distilling off the alcohol and ether, and the 
phosphorus of the residue was estimated. Amount of phosphorus 
x 7:2703 = lecithin (stearic acid form). 

The residue was tested for cholin and for the fatty acids. 

As the clearing up of the egg contents might not simply be due to the 
endosmosis of water, but of neutral salts such as NaCl., or acid salts such 
as Na H, PO,, the amount of NaCl. present was estimated in the ash of 
the ova by Mohr’s method—that is to say, the chlorides were estimated 
with a AgNO, solution, each CC of which was equal to 10mgm. of 
NaCl. 

The acidity was estimated by extracting the pounded ova with water 
(dist.), squeezing out the fluid after filtering through muslin, and then 
titrating with one-fifth normal NaOH. 

In some cases (and this will be repeated later) the ovarian fluid was 
examined carefully, especially for NaCl., albumin, acid salts, in addition 
to the specific gravity being taken. 

The same methods were employed as have been described in the 
preceding pages. 


CHANGES IN PELAGIC AND DEMERSAL OVA OF MARINE 
TELEOSTEANS DURING MATURATION. 


I.—Cuance IN Votume.—A. In Pelagic. 


Dr. Fulton, in a thesis presented for M.D. degree in Edinburgh 
University, gave a list of the volume of the ova of different fishes in the 
immature and mature conditions. They were based upon the calculation 
of the volume from the diameter of the ova, presuming that the latter were 
complete spheres. To avoid as far as possible the fallacy of individual 
differences in form, Dr. Fulton based his calculations upon the average 
diameter of thirty or more ova. I have calculated the volume of a number 
of the same ova and of some other varieties. The increase in volume of 
the better-known marine Teleosteans, from the opaque immature to the 
transparent or translucent mature ova, varies from about 1: 3 to 1: 5. 

The most marked increase in the volume of the ovum during ripening 
occurs in the egg of the plaice, where the ripe egg is fully five times 
larger than the unripe. In fact, in some that I have examined the ripe 
was six times larger than the unripe. 


B. Demersal. 


_ This increase in volume is common also to the demersal eggs, the most 
important variety being the herring. I give here the result of a number 
of measurements of these ova :— 


Volume. 
Unripe,_.... AM ... 1022 cub mm. — 1:0226 
Ripe, = he a8, WOO A 


Here the increase in volume is much less than in any of the pelagic ova. 
In Cottus scorpius the ripe eggs have a volume of 4°188 cub. mm.; the 
unripe eggs I have not examined. 

In Cyclopterus lumpus (Lumpsucker) the ripe eggs have a volume 
practically the same as those of Cottus scorptus, viz., 4°18 cub. mm, 
Here also I have not examined the unripe ova. 
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The ova of Lophius piscatorius may be perhaps regarded as a class 
distinct from the ordinary demersal ova. When immature they have a 
volume of about *268 cub. mm., when mature 4°18 to 5 cub. mm. Those 
eggs are of especial importance, as they are examples of ova which are 
dependent for their floating capabilities not on their specific gravity but 
on that of the gelatinous sheet in which they are imbedded. 

Now what is this change in volume due to? To answer this question 
one must find out to what extent the specific gravity is diminished as the 
volume increases ; the difference in the percentage of water in the unripe 
and ripe ova ; and lastly, the difference in the nature of the solids in the 
two conditions. First of all, the alteration in specific gravity must be 
studied, and I shall take up first of all the pelagic ova. 


CHANGES IN THE SPECIFIC GRAVITY OF PELAGIC OVA DURING 
MATURATION. 


In order that the eye may rapidly note the differences in specific 
gravity, I have arranged the results in tabulated form. 


Pelagic Ova. Immature. SS a Mature. 

Plaice, . 0st | 0841-085 
Turbot, . 1-070 | 
Saithe, . 1:046 1 023 

| Whiting, 1:068 | 1:024 

| Cod, : F055 op 

| Haddock, 1:080 | 1: 020 
Brill, 1-025 
Flounder, 1-024 
Ling, | 1:022 


In the plaice ovum, just before the final distension, the specific gravity 
was found to be 1°027. The immature ova given in above Table were 
very immature. The Sp. Gr. gradually diminishes as ripening proceeds, 
but it is in the final stage that the change is most marked. 


Demersal Ova. Immature. Mature. 
Herring, ; 1-087—1:090 1-066 
Lophius piscatorius— 
(a) The ova, ‘ ; 1-045 1-034 
(0) chs in their gelatinous 
sheet, . ; 1-009 1°005 
Cottus scorpius, . , fox 1:060 
Cyclopterus lumpus, ; sack 1-057 


In the different varieties of pelagic ova the specific gravity of the fully 
ripe eggs is always decidedly below that of the sea water. The results 
obtained by Hensen are lower than mine, probably because his calcula- 
tions were based on his measurements of the volume of the ova from the 
diameter. I think that the displacement method which I employed is a 
better one. In the fully matured demersal ovum the specific gravity is 
always decidedly above that of the sea. 

From observations that I have made in different specimens, it seems 
that all through the process of maturation there is a gradual decrease in 
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the specific gravity, although it is during the final stage that the attention 
is most attracted to this well-marked alteration. 

Now we have seen that in both demersal and pelagic ova the specific 
gravity is diminished while the volume is increased. And now we have 
to find out what this is due to. In order to do so, the first thing to settle 
is the percentage of water in the ripe and unripe eggs. 


CHANGES IN THE PERCENTAGE OF WATER IN DIFFERENT VARIETIES 

oF Ova. 

Is the transparency of the ripe pelagic egg simply due to an increase 
in the water present, or is it due to a qualitative alteration in the nature 
of the constituents, or is it possibly due to both these conditions? If 
you place a clear ripe pelagic ovum in fresh water it becomes after some 
time white and opaque; the same occurs in salt water if the ova are not 
allowed to come in contact with a pure supply of the water, as, for example, 
if they are crowded together or if dirt of any kind has got into the 
water. We know that the vitellins are kept in solution by weak salt 
solutions and are precipitated by the addition of water as a whitish preci- 
pitate. May the opacity of the ovum that occurs on prolonged contact 
with water not be due to, first, a passage of salts from the ovum outwards, 
and secondly, a passage in of water poorer in salts, until equilibrium with 
regard to salt percentage is established, with a consequent precipitation of 
the vitellin due to the substance which keeps it in solution having been partly 
removed? Does any nitrogen-holding body pass out? In order to put this 
matter to the test, one might carry out the following experiment :— 

Take a known amount of ova (ripe), the water and total solids, salt and 
N percentage of which are known, and place them in distilled water. 
After some time has elapsed remove the ova, dry their surfaces, weigh 
them, dry and estimate water, salts and N. Examine also the distilled 
water as to reaction, salts and N. Note also the alteration in specific 
gravity. See that the ova are not broken and yet that they come into 
contact frequently with fresh supply of water. This I have done, and 
shall give my results later on when I speak of the substances which diffuse 
out from the ripe and unripe plaice ova. 

It was also important to discover whether the ripening of the demersal 
ovum was simply that of the pelagic cut short before the final stage. 

I subjoin a Table giving the water percentage of different ova, 
determined by the method described previously. 


Water Prercentace or Pelagic ova. 


| Unripe. Ripe. 
ve | | 

Fn, ol 57°50 91:86 and 91-46 
Whiting, ; , 7071 96°41 
Cod, : | 73°0 91°14 
Haddock, | 55:00 95°86 
Turbot, / 69°9 
Halibut, | 63:0 
ee : ; if gee 
John Dory, . 73°06 m: 
Saithe, : ec 77°5 (mixture of mature 

| : and immature) 
Beal iow, : , - 90-00 
Flounder, f : abt 87°20 
Ling (fully ripe), . | o 85°07 per cent. of water. 


Plaice ova were examined in the stage just before maturation and were 
found to contain 65°38 per cent. water. 
Ki 
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Water PercentaGE or Demersal Ova (Immature and Mature). 


Immature. Mature. 
Herring, ' . | 46°07 70°72 and 69°36 
Cottus Scorpius, . ae 74°46 
Cat-fish, ; : a. 71°30 
Lumpsucker, , i 70°46 
Lophius, : . | 32°00 68°7 
Salmon, 7°10 (very immature) 567 
Trout, : . od 60°9 
Conger eel, . ; 9:41 (with some ovarian 577 

tissue) 
Sturgeon, . . | 36°93 


Here it is at once noted that the percentage of water in each mature: 
pelagic ovum is much higher than in the demersal ones. 


It is of more importance to compare the fully mature ova of each class 
rather than the immature, as the latter may be obtained at all stages of 
maturation. 

What occurs in all cases is a gradual passage in of water during the 
process of maturation. In the pelagic the process goes further than in 
the demersai ovum. 

The mature eggs with the highest percentage of water are undoubtedly 
those of the whiting and haddock. The percentage of water in the fully 
ripe ova is very constant. I have examined large numbers of plaice,. 
haddock, cod, and whiting ova, and in all cases have found the percentage 
of water to remain almost at the same figure. One has, of course, to be 
careful that in removing the ovarian fluid one does not break the 
ova, as the vitellin fluid then escapes, and during the weighing 
evaporates off 


I have not inserted my analysis of the unripe saithe and flounder, as 
the results obtained were vitiated by the fact that I could not obtain the- 
eggs unbroken and yet freed from ovarian fluid. 


WEIGHT OF THE FRESH Ova oF DIFFERENT Species OF MARINE 
TELEOSTEANS IN THE IMMATURE AND Mature ConpirTIons. 


As previously mentioned, if one could calculate exactly the volume of 


the ova from their diameter, it would be an easy matter, knowing their 


weight, to state their specific gravity; but, unfortunately, the volume: 


cannot be correctly determined from the diameter as the eggs are not 
absolutely spherical. 


If we, however, can determine the weight of the ova, and also find out 


the amount of water, salts, and organic constituents present at different. 


stages, one can determine whether the increase in volume be due simply 
to a passage in cf water, or of a watery solution containing salts, or of a 
weak alhuminous solution. , 


In the following Tables I shall give the weight of different immature 
and mature ova. I shall first take up the pelagic and then the demersal. 


ones :-— 
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_Weient or Pernacic Ova, Immature anp Mature (FRESH AND: 
Water FRE). 


(Stated in Milligrammes.) 
Total Solids. 


Fresh Fresh , 
[mmature. | Mature. Dried | Dried 
Immature.| Mature. 
Plaice, 0°40 O26 0°17 0°28 
Whiting, 0°17 0:97 0:03 0°035 
Cod, tm 1°58 oe 0°14 
Haddock, 0:20 2°66 0-088 0-11 
Saithe, 0°40* a 0:09 ev 
Brill, : . as 2°64 4 0°22 
Flounder, . : Je 0-60 any O07 7 
Ling, ‘ 0°67 ss 0:093 


* In immature plaice ova more mature than those given in the Table, the weights 
obtained were as follows :—Fresh, 0°78mgm. ; dried, 0:27mgm. 


It is at once seen that the increase in volume is mainly due to the 
water, the total solids present in the immature and mature ova being 
practically the same. There is a slight increase in the total solids, 
however. 

I have omitted my analysis of the unripe cod, flounder, and ling ova,. 
because I could not get any at a stage when they could easily be 
detached from ovarian tissue, and yet leave them unbroken. 

The saithe roe which I examined contained mainly mature but also 
some immature ova, and was very difficult to examine, as the eggs were 
so easily broken. 

It is unnecessary to give here any of the further estimations of the 
weight of pelagic ova, as all show the same marked increase in the water, 
and the very slightest increase in the solids during maturation. 


DEMERSAL. 


Now let us turn to the demersal eggs. The ones which I wish 
especially to refer to are those of the herring and Lophius. 


(Stated in Mulligrammes.) 
Total Solids. 


Fresh Fresh > 
Immature.| Mature. Dried Dried 
Immature. | Mature. 

Hering, _. : 0°51 Lay 0°27 0°34 
Lephius, . ‘ 0°25 1°60 0°17 0:50 
Catdish,. .... : 0°55 Fog 0:15 bm 
Cottus Scorpius, . y 4°70 an 1:20 
Lumpsucker, . ‘3s 5°90 i 1‘70 
Trout, . ‘ ns 104 1 40:7 
Salmon, . ‘ $5 108 Be 43°9 
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If we take as a typical example of the demersal ovum that of the , 
herring, we note that the increase in weight of the fresh ovum during 
ripening does not proceed nearly so far as in such a typically pelagic 
ovum as that of the plaice. 

But the total solids in the immature and mature herring ova are very 
similar in amount, the latter, however, always containing a larger quantity 
of solids than the former. 

That is to say, in the herring ovum, as in the plaice, the most marked 
change during maturation is an entrance of water from without, and if 
there is (as we shall see afterwards there does happen to be) a diffusion 
from without inwards of some solids during maturation, that is partly 
balanced by the passage from within outwards of solids present in the 
immature ova. 

The immature eggs of Lophius are difficult to obtain free from adherent 
gelatinous matter, hence it was only after repeated determination that I 
was able to get the one given in the Table. However, the weights of the 
immature vary as maturation goes on, and the important point after all to 
settle is not the absolute weight of the ova at different stages of ripening, 
but the relationships between the water and the solids in ova of different 
weights at different stages of maturation. 

It may seem at first sight that the weights that I am dealing with are 
so extremely small that it is impossible to avoid fallacies in drawing 
conclusions from them, but they are the average weights derived from 
large numbers of ova (200 to 400), so that the error must be a compara- 
tively slight one. 

Now, although we have seen that the increase in volume in both 
pelagic and demersal ova is due to the passage of water from within 
outwards, we cannot draw from that the conclusion that that is the only, 
or indeed the principal, change in maturation. 


CHANGES IN THE CONSTITUENTS OF THE OVA DURING MATURATION. 


As I said at the beginning of this paper, it is necessary to know the 
amounts of albumin and diffusible salts in the mature and immature ova 
in order to arrive at any definite conclusion as to the nature of 
maturation. 

One has to be very careful in drawing conclusions from a number of 
analyses of different varieties of ova, as in many cases it is difficult, if not 
impossible, to get very immature ova isolated from the surrounding tissue, 
and yet it is the very immature ova which one wishes to examine, or, at 
least, not those which are approaching maturation. The pelagic ova 
which I have examined especially carefully are those of the plaice and 
whiting. The unripe and ripe eggs of the former are easily isolated and 
analysed. 

I have at the beginning of the paper spoken very shortly of the 
methods of analyses, but it may be better for me to give the method 
which I employed for the estimation of the albumin in the different eggs. 

In one specimen containing a known number of eggs the water was 
estimated, while in another a fixed weight of ova was taken’ (correspond- 
ing to aknown number of ova). This latter was incinerated with sulphuric 
acid, cupric sulphate, and potassium sulphate; until all the nitrogen present 
was fixed as ammonium sulphate. The solution was then made alkaline, 
and the ammonia so set free distilled over into a fixed quantity of oxalic 
acid of known strength. From the loss in acidity of the oxalic acid the 
ammonia was calculated, and, knowing the amount of ammonia, that of 
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nitrogen was easily obtained. If the nitrogen given in the Tables be 
multiplied by 6°35, the amount of albumin is roughly estimated. 

As I shall point out later, it was important, also, to find out whether, 
during maturation, the phosphorus was increased in amount, and especi- 
ally if the ratio between the nitrogen and the phosphorus was different 
in the unripe and ripe ova, I shall only include those analyses in the 
following Table which have been made more than once :— 


Petacic Ova N anp P In MILLIGRAMMEs. 


Immature. Mature. 
N P. N P 

-Plaice, : ‘ 4, ute O22 0030 "0270 0046 
Wiiting, ".. : : 0026 00012 0040 — 
Haddock, . : : "0095 ‘0013 0146 0029 
0007s aaa : , : ‘0099 "0012 "015 0026 
Belk 3 : : at = 0233 0033 
Flounder, . : as — 0080 ‘0010 
Hing, » , — — 0082 —- 
Saithe, : : ' — — ‘004 ‘00018 


RatTIO BETWEEN NITROGEN AND PHOSPHORUS IN THE IMMATURE AND 
Mature Ova. Nirrogen=1. 


Immature. Mature. 


N le | N. Je 
f - ; i 
Plaice, 1 Let 236 i 170 
Whiting, i 046 ee _ 
Haddock, l 136 1 198 
Cod, 1 121 1 173 
Flounder, mn wis 1 125 
Ting). _ sas as i 
Saithe, an tak 1 ‘O45 


During maturation there is an absolute increase in the nitro- 
gen present in the ovum, probably due to a passage inwards of 
albumin in some form or other. What is especially noteworthy, how- 
ever, is the marked increase in phosphorus, which is much more distinct 
than the nitrogen increase. As we shall see afterwards, this is probably 
due to the passage inwards of an organic phosphorus-holding body, 
selected by the tunica granulosa cells at the commencement of matura- 
tion from the ovarian fluid outside. The nitrogen percentage may be 


stated as albumin by multiplying by 6°35, 
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‘Thr AMOUNTS OF SODIUM CHLORIDE IN THE VITELLINE FLUID OF THE 
UNRIPE AND RipzE PLAICE Ova. 


The common salt was selected for analysis, because it is the salt 
present in largest amount, and is also the most diffusible one. In addi- 
tion, it is the probable causal agent at play in the clearing up of the 
yolk i in the final stage of maturation :-— 

I. Immature Plaice Ova,—52°531 grammes fresh unripe ova 
(=18°187 grammes water-free ova) were broken down in a mortar, and 
extracted with 500cc. distilled water, filtered, and filtrate boiled, and then 
precipitated with alcohol. In the filtrate the chlorides were estimated by 
Mohr’s method, and were found to amount to ‘214 grammes NaCl., or 
in each ovum ‘0031 milligramme NaCl. 

II. Mature Plaice Ova.—16:007 grammes were treated in the same 
way as the unripe ova, They were found to contain (0945 gramme NaCl, 
or in each ovum ‘020 milligramme NaCl. That is to say, during 
maturation there is a marked increase in the chlorides accompanying the 
increase in water. 


SUBSTANCES WHICH DirrusE Out 1NTo DISTILLED WATER FROM 
UNRIPE AND Ripe PuaIcE Ova. 


In order to find out the form in which the albumins, salts, etc., are 
bound in the ova, I took weighed quantities of ripe and unripe eggs, and 
allowed them to circulate through distilled water for fixed periods. All 
the chloride present as inorganic salt in the vitelline fluid passed out into 
the water, and, in addition, a small extra amount of chlorides passed out 
beyond that which had been present as sodium chloride in the yolk. 
This extra amount of chloride had evidently been bound with albumin, 
and the combination was broken up during the process of diffusion. 
This points to the active part which the chlorides must play in the clear- 
ing up of the yolk. This holds for both the ripe and unripe eggs. 

Of the total phosphorus in the unripe ova before diffusion, 10°47 
per cent. diffuses out, and all of this practically is in organic combination, 
and is precipitable with alcohol. That is to say, the organic phosphorus- 
holding constituent of the yolk of the plaice ovum is an easily diffusible 
body. This is a point of great importance, for, as we shall see, there is a 
‘similar body in the ovarian fluid. 

Of the total phosphorus present in the ripe plaice ovum, 52°6 per 
cent. diffuses out during the same time, and under the same conditions, 
as in the case of the unripe ova. Practically all this phosphorus also is 
in organic form (vitellin). The organic form of the body is maintained 
after diffusion into the distilled water. 

Of the total albumin in the unripe ovum, 1°414 per cent. diffuses 
out; and of the total solids diffused, 8°78 per cent. is in the form of 
albumin. In the ripe ovum, on the other hand, 3°294 per cent. of the 
total albumin passes out, but of the total solids diffused, only 6°145 per 
‘cent, is in the form of albuntin. 

That is to say, everything points to the fact that in the ripe ovum 
the substances present are in a condition more suitable for diffusion than 
in the unripe. Some of the important points with regard to the phos- 
phorus I have already emphasised ; but there is still one of great import- 
ance that I have just referred to, and that is the amount of inorganically 
and organically bound phosphorus in the unripe and ripe ova. 
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Is there any transformation of inorganically-bound phosphorus into 
organically-bound during maturation ? 

In the unripe haddock ovum 24°47 per cent. is in inorganic fori 
the rest organically-bound ; while in the ripe haddock ovum 21:22 per 
cent. is in inorganic form, the rest in organic combination. That is to 
‘Say, in the unripe ovum there is more inorganic phosphorus than in the 
ripe ovum, but the difference is, comparatively speaking, a small one. 
What is of far greater importance is the fact that much. the larger pro- 
portion is in organic form in both cases, and hence more suitable for 
assimilation. 

There are two constituents of the ovum which [-have not yet 
referred to, or only incidentally, and those are the fat and lecithin. 
Both are present in all the Teleostean ova that I have examined, but the 
amounts differ. 

As an example of the class which contains no oil-globule in the yolk, 
the plaice may be taken, while the ling may be taken as characteristic of 
the class which does contain such an oil-globule. 

The amounts of fat and lecithin in Teleostean ova, and their 
Significance, I shall leave over for discussion in another paper, as the 
results which I have arrived at are not conclusive. 

Shortly summed up, the changes that occur during the maturation 
of pelagic and demersal ova are :— 


(1.) Increase in volume. 

(2.) Clearing up of yolk, with disappearance of papas vesicle. 

(3.) Diminution in specific gravity. 

(4.) Increase in percentage of water. 

(5.) - chlorides. 

(6.) i total solids—albumin, ete. 

(7.) ae phosphorus—mainly organically bound. 

(8.) Changes (within the ovum), probably of the nature of conden- 
sations of most of the organic substances secreted into the 
vitellus, by means of which complex organic bodies are 
formed. Probably there is also a transformation of some of 
the inorganic into organically-bound phosphorus. 

(9.) A transformation of less diffusible into more diffusible bodies. 


NATURE AND COMPOSITION OF SOME OF THE OVARIAN FUUIDS. 


It is of importance in the investigation of the nature of the matura- 
tion process to know the composition of the ovarian fluid, heuce I have 
made some analyses which may help to eiucidate some points. The 
fluid was obtained from the roe by allowing the fluid to drain through 
muslin. The specific gravity was estimated in the first place, and was 
always found to be distinctly lower than that of the ova. The reaction was 
almost always neutral. In Lophius, however, and in the roes of some 
demersal varieties, it was found to be acid. 

There are three ote of the fluid which —— to be 
epecially considered, viz. 


(1.) The albumins. 
(2.) The chlorides. 


(3.) An organic phosphorus-holding proteid similar to that present 
in the vitellus, 
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Ovarian Fluids. | Sp. Gr. | Reaction. | Chlorides. | Albumin. ’ 


Turbot (Unripe), . | 1°:020 (|Slightlyacid. 


Haddock (Ripe), . 1-015 Neutral. |-846 gms. % — 
Plaice (Ripe), | 1:0016 ‘ Pie's 9 ‘838 gms 
Cod (Ripe), 1 1-017 y 40D! 1H) ge eee 
Whiting, ; » | 1:015 m ‘G30 » 14 — 
Flounder, . | 1:020 ms BIZ 0 — 
Ling, | 1014 vy Ma ate 


| 


In all cases, a body is precipitated by adding acetic acid carefully 
to the fluid. This precipitated body contains phosphorus, but does not 
furnish nuclein bases. It gives the ordinary proteid reactions, 

In many respects it is similar to the vitellins present in the yolk, 
and is a probable forerunner of them. 

The interstitial mucoid-like tissue in which the eggs of Lophius are 
embedded requires separate treatment. The specific gravity of this. 
substance, with the eggs embedded in it, was 1005, while the ripe ova 
alone had a specific gravity of 1:030 to 1:035. Both the mucoid-like 
tissue and the vitelline fluid of the ova react acid, the acidity of the two 
being almost identical in amount. I was never able to obtain from the 
organic phosphorus-holding body present in the ovarian fluids a CuO 
reducing substance, nor from the gelatinous-like interstitial substance in 
the roe of Lophius. 

In the ripe Lophius roe 20°22 per cent. of the total weight is due to 
the ova, and the rest to the mucoid-like tissue. 

Chlorides are present in this substance, but, so far as I could make 
out, no body similar to that precipitated by acetic acid in the other 
ovarian fluids. Unlike most mucoid tissues, no cupric oxide reducing 
body is obtained by boiling this substance in dilute acids for long periods. 
The water percentage is higher than that of the ova, viz., 84°74 per cent., 
while the ova only contained 68°70 per cent. 

I should like, in conclusion, to say a few words on the role of the 
phosphorus in maturation. 


THE ROLE oF THE PHOSPHORUS IN MATURATION OF OVA. 


The most important organic constituents present in the ovum are those 
which contain phosphorus. The yolk contains vitellins or forerunners of 
the vitellins, and those are substances which contain in their molecule 
an organic phosphorus-holding radicle—paranuclein. These are, without 
doubt, concerned in the formation of the so-called chromatin of the 
histologist. I have examined and analysed these vitellins in a number 
of ova, e.g., in the ova of the salmon, skate, shark, plaice, etc. I have 
referred to the chemical nature of these vitellins earlier in the paper. 

If, then, these bodies be closely allied to the true nucleins of the 
vitally active cells, it is exceedingly important to find out how they are 
formed. Are they synthetically formed in the ovum, or are they selected. 
ready formed from the ovarian fluid by the granular cells? 

In one of Miescher’s letters, published in his Gesammelte Abhand- 
lungen, there is the statement that in the ripe ovum the phosphorus is 
practically all organically formed. I have estimated the organic and 
inorganic phosphorus in the unripe and ripe haddock ova, and find, as I 
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have stated before, that in the former 24°47 per cent, is inorganically 
formed, the rest being in organic combination; while in the latter 
21:22 per cent of the total phosphorus is inorganically formed. 

That is to say, undoubtedly the mass of phosphorus present is in 
organic form, but by no means all, either in the unripe or ripe ova, 

The phosphorus which is organically bound is in two forms—viz.,. 
lecithin and vitellin, and both are more or less firmly attached to one 
another. | 

These two bodies are not simply used up as food stuffs, but are fore- 
runners of specific constituents of the embryo. It is very doubtful if 
there is always in the nucleus of the resting ovum true nuclein of the kind 
that is met with in the nuclei of pus cells for example. At least I have 
tried to obtain the decomposition products of the true nucleins from large 
quantities of ova, but have only obtained small quantities of nuclein 
bases, 

One point of very great importance with regard to the phosphorus- 
holding constituents of the ovum is to find out how they are bound, and 
where they come from. I have tried to find out the origin of the 
phosphorus of the ovum by first examining the ovarian fluid and then the 
ova from the same ovary, in order to find out if the bodies in the two 
were similar or quite distinct in character; and, in the second place, by 
employing the method of diffusion, I have tried to find out which of the 
phosphorus-holding parts pass out, and how they pass out. 

The unripe and ripe ova of the haddock were examined in order to. 
find out how the phosphorus was bound, and, as I have previously stated, 
in the former more phosphorus exists in the inorganic form than in the 
latter, but in both the organically bound phosphorus is present in largest 
amount. Ripe and unripe plaice ova were allowed to remain in contact 
with distilled water for prolonged periods, with the result that in both 
cases phosphorus was found to pass outwards mainly in organic form. 
Ovarian fluids of the plaice and haddock ripe roes, in addition to those of 
numerous other fishes, were examined and were found in all cases to contain 
the phosphorus mainly in organic combination in the form of a body 
precipitable by acetic acid in the cold, a substance probably of the nature 
of a nucleo-albumin. In the different specimens I have examined this. 
body contained more phosphorus than the vitellins of the yolk. It is just 
possible that it is one of the bodies which, by synthesis in the outer parts 
of the ovum, is formed into vitellin or a forerunner of vitellin (vitellogen). 


As to whether any inorganically-bound phosphorus is synthetically 
transformed during maturation into an organically-combined phosphorus- 
holding body or not, I am still unable to say. It is important to 
remember that every living cell is so constituted that it can take up from 
the fluids surrounding it just those constituents which are necessary for 
its growth, and the medium in which the cells are situated contains those 
constituents in the proportions most suitable for absorption. 

During maturation the ovum is a miniature chemical laboratory, 
absorbing oxygen, organic and inorganic substances, and transforming 
these into bodies suitable either for the nourishment or formation of the 
embryo. During the growth and maturation of the ovum, a large part of 
the chromatin of the germinal vesicle may be lost by passing out into the 
cytoplasm, forming there accessory nuclei, or undergoing regeneration 
still further in the protoplasm. This is especially well seen in the eggs 
of amphibia, echinoderms, and some worms. 

It seems to me doubtful whether this is due to the entrance of such a 
salt as sodium chloride from without, or to the lack of oxygen in the 
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interior of the egg, resulting in the liquidation and passage outwards of 
substances situated there. 

It seems most likely that the outer part of the ovum, where oxygen 
freely enters, is the seat of the syntheses or condensations, 

In conclusion, I have to thank the Fishery Board of Scotland for their 
generosity in providing me with so much material, and very especially am 
i indebted to Dr. T. Wemyss Fulton, their Scientific aebeye a for 
his most valuable =siaeige. and kindly help i in difficulties. 


: 
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V.—ON THE DISTRIBUTION OF PELAGIC INVERTEBRATE 
FAUNA OF THE FIRTH OF FORTH AND ITS VICINITY 
during the Seven Years from 1889 to 1895, both inclusive. By 
THOMAS Scort, F.L.S., Mem. Soc. Zool. de France. (Plates IV., 


ViPVL) VIL) 
CONTENTS. 

PAGE, 
Introductory, : : : : : i | S053 
Invertebrates Captured by the Tow nets, ‘ : : : ; : wel), EBD 
(1.) The Mollusca, : : ; : : : : me 
(2.) The Crustacea—(a@) Decapoda, : ; : ; ; : -, Loo 
(b) Schizopoda, ; 4 ; : : (as 
(7.) The Euphausiide, : , : ; ./ 1760 
(a.) The M ‘ale ‘ , . : ; ep lhbO 
(c) Cumacea, . j ; ; d : i he 
(a) Isopoda, . ‘ : : : : : ot, Ge 
(e) Amphipoda, . ‘ é : ; ; ial! Lp. 
(f) Cladocera, . L ; ; : 5 . TONY 
(g) Copepoda, . , : ; : : : see pLe7 
(3.) The Vermes—Sagitta, etc., . , ; ‘ £190 
(4.) The Coelenterata —Ctenophora and Hydromeduse, ; : ; 2.) ee 
(5.) Larval and Young Crustacea, . : : : : ered 6 
(6.) Pelagic Fish Ova, ; : : A : , : ( HO N2ZOB 
(7.) Explanation of the Charts, r , ‘ ; | yi Oz 
(8.) List of named species of Mollusca, Crustacea, ete. Ci 5 sire 

INTRODUCTORY. 


The scientific investigations that have until recently been carried on in 
the Firth of Forth, and also outside the limits of the estuary, included 
among other things the examination of the various groups of pelagic in- 
vertebrates that form so important a part of the food of fishes. The 
examination. was carried on chiefly in connection with the trawling opera- 
tions of the Garland, the steam cruiser set apart specially for scientific 
work. The trawling experiments of the Garland were made over certain 
fixed portions of the estuary and neighbourhood which were denominated 
“ stations.” The method adopted for the examination of the pelagic in- 
vertebrates was somewhat as follows :—During the time that each station 
was being trawled two tow-nets were kept constantly at work. One of 
these was towed at about half a fathom below the surface of the water, 
and was distinguished as the surface tow-net ; the other was fastened to 
the end of the beam of the trawl in such a way as just to clear the 
bottom, and was distinguished as the bottom tow-net. ‘Sometimes other 
nets were used at intermediate depths, but not with the same regularity 
as the first two. The gatherings collected with these mid-water nets are 
therefore not specially referred to in this paper. The tow-nets at first in 
use were comparatively of small size, but subsequently a larger kind, 
somewhat similar to those that had been used on board the Challenger, 
were adopted, and are still used in connection with the Board’s scientific 
work. 

At first nine experimental stations were selected for the carrying out of 
special scientific work, but this number was afterwards increased to ten. It 
has not, however, been considered necessary for the purposes of this paper 
to take note of the published statistics for all these stations, and therefore 
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six of them have been fixed upon as representative of the others—namely, 
Stations I., IIL, IV., V., VIIL, and IX. Stations L and IIL extend 
from the east side of Inchkeith eastward, and are comparatively near to 
each other. Station LV. is an inshore station, and extends for a consider- 
able distance round the “South Bay.” Station V. extends from May 
Island westward along the centre of the Firth till nearly abreast of Elie. 
Stations VIII. and IX. are beyond May Island, and outside the limits 
of the estuary. 


The results obtained by the use of the tow-nets were at irik roa in 
a somewhat general form, but as the work proceeded the differentiation 
of the various organisms became less difficult, and made it possible for a 
more detailed description of the results being placed on record. It will 
be obvious, therefore, that in the study of the distribution of the pelagic 
invertebrates the earlier records will not be so useful as those of subse- 
quent date. Moreover, the investigations were not carried on during the 
first year or two so continuously as they were afterwards, and for these 
reasons I propose to limit the consideration of the pelagic invertebrates to 
those collected (by means of the surface and bottom tow-nets already 
described) during the seven years from 1889 to 1895 inclusive, and 
recorded in the several Annual Reports for these years. 

But though the examination of the pelagic invertebrates within the 
area under consideration was carried on more or less continuously and 
regularly during the years referred to, there are times when, for various 
reasons, no tow-net gatherings were collected, and for which there are no 
records, so that the records for some years are less complete than for 
others. In 1889, for example, there are no records of tow-net gatherings for 
any of the stations in March, April, and December ; in 1890, in January 
and June; in 1892, in August; in 1894, in March, May, July, Sep- 
tember, and October; and in 1895, in March, June, and November. 
Moreover, there may be records for a particular month for some of these 
stations and not for others. Thus in 1889 though there are records for 
October for Station I. there are none for any of the other stations; but 
while that is so there are still a large number of statistics available for at 
least a partial study of the distribution of the pelagic invertebrates of the 
Firth of Forth. 

The time available for the preparation of this paper did not permit of 
the detailed consideration of every species or kind of invertebrate re- 
corded in the lists of tow-net gatherings, so that only those that are of 
numerical importance, or that are otherwise of importance from a fisheries’ 
point of view, are so dealt with, while an endeavour is also made to 
invite attention to any interesting point observed in connection with the 
distribution of the other species. Tables illustrating in time and space 
the distribution of these pelagic forms are introduced wherever they are 
considered necessary. 

Moreover, four charts are added at the end of the paper for the pur- 
pose of supplementing and extending the information given in the Tables 
concerning the distribution of a few of the more, numerically or other- 
wise, important species or groups of invertebrates comprised in the tow- 
net lists. These charts not only show when and where the species was 
abundant, or scarce, or absent, but they also allow of a comparison being 
made between the surface and bottom distribution of the species. The 
importance of this will be evident when it is remembered that though a 
species may be rare at the surface it may at the same time be common or 
even abundant at the bottom, as well as vice versa. 

It may further be stated that in proceeding to consider the distribution 
of the invertebrates mentioned in the various lists of tow-net gatherings 
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collected at the six selected stations during the seven years, those that are 
higher in the scale of classification are referred to first, and afterwards 
those that are lower. AT 

It may also be as well to state that there has been a considerable 
advance in the knowledge of marine zoology since the Garland com- 
menced work in the Firth of Forth twelve years ago,* and one of the 
results of this advance has been the introduction of many changes in the 
nomenclature of marine organisms. Owing to these changes several of 
the names mentioned in the Garland’s tow-uet lists are replaced hy those 
that are now considered to be the rightful designations of the species to 
which they refer; and one advantage of this alteration will be that the 
results of the tow-net work of the Garland will be brought more into line 
with present-day knowledge. 


INVERTEBRATES CAPTURED BY THE TOW-NETS. 


The invertebrates captured by means of the surface and bottom tow- 
nets during the seven years from 1889 to 1895, at the representative 
stations already referred to, comprised a large number of forms of differ- 
ent kinds, but many of these were only of rare occurrence. ‘The greater 
proportion by far of the contents of all the tow-net gatherings consisted 
of only a few species, which may be summed up as follows :—Schizopoda 
(Thysanoessa chiefly, Erythrops) ; Amphipoda (Hyperia, Hyperoche, and 
Parathemisto) ; Copepoda (Calanus, Temora, Acartia); Sagitta ; Ccelen- 
terata (Plewrobrachia, Beroé, and others) ; and young Crustacea (Deca- 
poda, Schizopoda, and Cirrepedia). Before proceeding to discuss the 
distribution of these six groups, as brought out by an examination of the 
tow-net records, I propose to refer briefly to several of the more uncommon 
forms which have been captured from time to time at the selected stations 
and during the years already specified. 


(1.) THe Mo.uusca, 


There are very few records of Mollusca which have been captured by 
the tow-nets, and only two really pelagic forms have occurred. The 
Mollusca recorded comprise two small Molzs, the species of which was not 
determined. One was obtained in the bottom tow-net at Station V. in 
1891, and the other at Station I. in May 1895 ; also Doris (?) repanda, 
which was obtained in the bottom net in November 1890 at Station ITL., 
and Doto coronata, obtained in December 1890 at Station IV., also in the 
bottom net. A few species of Cuspidaria cuspidata are recorded under 
Station [X., having been brought up in the bottom tow-net at. that station 
in April 1893, but the presence of this species was owing, no doubt, to 
the net having accidentally dipped into the mud at the bottom. The two 
pelagic species are the Pteropods Limacina retroversa and Clione borealis. 
The first is recorded on two different occasions in 1890, having been ob- 
tained in April in the bottom tow-net.at Station V., and in May in a 
surface-net gathering at Station I. It was also cbtained in the bottom 
tow-net at Station III. in July 1891, and in the bottom tow-net at. 
Station IX. in December 1892. The other (Clione borealis) was captured | 


* It is pleasing to know that the little steamer belonging to the Fishery Board for Scot- : 
land has had some share in promoting this advance, though perhaps the time has not yet 
come for the full appreciation of the Garland’s work. 
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in the surface tow-net at Station III. in January 1889, in the bottom 
tow-net at Station V. in November 1893, and in the surface net at Station 
VIII. in December of the same year. Limacina retroversa is a very 
generally distributed species, but seems to be more common on the West 
than it is on the East Coast. On the West Coast it sometimes occurs in 
immense shoals, and at times forms a considerable part of the food of the 
herring. I have found the stomachs of herrings sent to me from the 
West Coast for examination filled with little else than these Pteropods, 
numbers of which appear to have been swallowed wholesale, as some of 
the shells were practically uninjured. Clione, which has no shell, is a 
northern species, and is a rare visitant to the Firth of Forth. All the 
three recorded instances of its occurrence happened during the winter 
months. This was probably owing to the temperature of the water at. 
that season being more favourable to its wandering habits, or the speci- 
mens may have been carried south by currents coming down from the 
North Atlantic. Another point connected with the capture of the Clione 
is, that on the two occasions in which it occurred in the surface tow-net 
the surface of the sea was smooth or but slightly disturbed, but on the 
occasion when it was found in the bottom tow-net the weather was. 
stormy and the sea rough. 


(2.) Tae Crustacka, 


(a) DEcapopa. 


The Decapoda captured by the tow-nets comprised the following 
species :— 


Macropodia rostrata (Linn.), 


Crangon allmanni, Kinahan, Hippolyte jascigera, Gosse, 
Egeon fasciatus, Risso, Spirontocaris pusiola (Kroyer),. 
Cheraphilus nanus (Kroyer), Pandalus montagut, Leach, 
Hippolyte varians, Leach, Pandalus brevirostris, Rathke,. 


all of which, with the exception of the first, belong to the Carida. They 
were all captured in the bottom net at various times and at one or more 
of all the selected stations. 


Macropodia is only recorded twice during the seven years—once in 
October 1890, from Station IV., and again from the same station in 
August 1891. 


Crangon allmanni occurred more frequently than any of the Decapods 
mentioned, and there are records of its capture with the bottom tow-nets 
in all but one of the seven years, 1889 being the only year in which no 
distinct record of the species occurs. In 1890 it is recorded twice, once 
in February and once in November, both records being for Station V. 
It is also recorded twice in 1891, once in March for Station V. and in 
September for Station III. There are seven records for 1892—viz., in 
January, March, and November for Station J., in February for Station 
III., in February for Station IV., and in January and February for 
Station V. There is only one record for 1893—-viz., one for Station V. in 
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November. In 1894 there are three records, one in February for Station 
IX., and in August one each for Stations I. and III. In 1895 there are 
six records, one in February for Stations III., [V., V., and VIII., and one: 
in September for Stations VIII. and IX., or twenty-one records in all for 
this species of Crangon. Nine (or nearly 43 per cent.) of the records. 
are for February alone, and if those for January and November are 
included they amount to two-thirds of the whole number, the other 
records being divided almost equally among the three months March, 
August, and September. 


Egeon (Crangon) fasciatus is only recorded once during the seven 
years—viz., for Station III. in September 1891. 


Cheraphilus (Crangon) nanus. ‘There are several records of this species 
during the prescribed period. Three of these occur in 1891, one in March 
for Station I. and one in the same month for Station V. The third 
record occurs in September for Station III. In 1892 there are four 
records, two for Station I, in January and March, one for Station ITI. in 
February, and one for Station V. in January. There is one in February 
1894 for Station III., and one in the same month of 1895 for Station 
VIIL., or nine records in all for Cheraphilus nanus, and, with the excep- 


tion of the one in September for Station III., they all occur in the colder 
months. 


Hippolyte varians. There is but one record of this species—viz., in 
December 1890 for Station V. 


Hippolyte fascigera. This species is recorded for Station VIII. in 
January 1894, and in February 1895 for the same station. 


Sptrontocaris (Hippolyte) pusiola is recorded only once—viz., in 
February 1895 for Station IV. 


Pandalus montagui (= P. annulicornis of Bell’s Stalk-eyed Crustacea).. 
The number of records for this species is seven, one for Station VIII. in 
February 1890 ; one in September 1891 for Station III. In 1892 there 
is one record in January for Station I. and also for Station V., and one 
in February for Station III. In 1893 there is one for Station V. in 
November, and one in February 1895 for Station VIII. 


Pandalus brevirostris, For this species there are two records, and both: 
are for 1891; one is for Station V. in March, and the other for Station. 
ITI. in September. : 


It thus appears that nine species of named Decapod Crustacea have 
been captured during the six years from 1890 to 1895 (one or two Deca- 
pods are recorded for 1889, but only by their generic names, and are 
therefore not included here). These nine species were all captured with 
the bottom tow-net—not a single instance is recorded of the occurrence of 
any of them in the surface nets. The records for the whole nine species. 
for the six years number 46, They are tabulated under eight out of the 
twelve months, and are characterised by the great majority of them being 
included in the statistics for the five months that are usually the colder 


months of the year. The subjoined formule will show some of these. 
details more clearly :— 
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(1) The months in which ) : } 
the capture of Deca- >} Jan, Feb. Mar. Aug. Sept. Oct. Nov. Dec. 
poda are recorded 


Number of records for ; 
each of the months Tet Se aca, 1 4" aa 
for the seven years 


{2) The Stations where 
the Decapoda were ko TEL aN. Ma See 


captured 


Number of records for | wot Yq a 7 3 
each station J 


The number of records for February alone is 17, or 27 per cent, of the whole; 
and the number for the five colder months, January, February, March, 
November, and December, is 35, or fully 76 per cent. The reason that 
these Decapods are found usually in the bottom tow-nets, and not in those 
worked at the surface, is that they are veritable bottom feeders ; and were 
- it not for their peculiar habit of springing upward as well as backward 
when disturbed, their capture would be much less frequent. When any 
suspicious object is approaching these Crustaceans (I refer to the Carida 

r “shrimp” group) they face round towards it and intently watch its 
movements, and at the same time swim gently backwards, or they may at 
once. bury themselves in the sand or mud. If the danger, however, 
should approach them suddenly, they spring quickly backwards and also 
obliquely upwards, and it is then that they come within the sweep of the 
bottom tow-net. But though the occurrence of these organisms in the 
bottom tow-net may be thus more or less satisfactorily explained, the 
reason for their being captured chiefly during the colder months seems to » 
be less easy of explanation. It may be observed, however, that only five 
of the records are for the inshore station, and that about half of the total 
number are for Stations III. and V., the two stations in the middle of the 
estuary, the one extending east from Inchkeith the other west from May 
Island. 


(6) Scuizopopa. 


The Schizopoda are well represented as regards the number of species, 
and a few of them, especially those of the Euphausiide, appear to have © 
been at times pretty numerous at the station under consideration. The 
Schizopods referred to in the records and distinguished by their names are 
the following :—* 

EUPHAUSIID.&. 


Boreophausia raschii (M. Sars). Thysanoessa neglecta (Kroyer). 
MYSIDZ. 
Siriella jaltensis, Czern. (=Siriella Leptomysis gracilis, G. O. Sars. 
crassipes, G. O. Sars). z lingoura, G. O. Sars. 
»  armata(M. Edw.). Hemimysis lamorne (Couch). 

Gastrosaccus spinifer as Macropsis slabberi (Van Ben.). 
Heteromysis formosa, 8. I. Smith. Praunus flexuosus (Miller). (= 
Erythrops goésti, G. My Sars. Mysis chameleon, Varg.). 
Mysidopsis didelphys (Norman). 5  emermis (Rathke). 

. gibbosa, G. O. Sars. Schistomysts spiritus, Norman. 

3 angusta, G. O. Sars. ornata (G. O. Sars). 


Neomysis vulgaris (J. V. Thompson). 


* The names and their arrangement are in accordance with Rev. A. M. Norman’s 
revision of the British Schizopoda, published in the ‘Annals and Magazine of Natural 
History’ for June, August, and September 1892. 
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Owing to the difficulty of distinguishing the species of Schizopoda off- 
hand, their occurrence is frequently recorded in the lists of tow-net fauna 
simply under the family names, ‘‘Ephausiide” or ‘“ Myside,” or the 
generic names “ Boreophausia sp.,” ‘‘ Mysis sp.,” as the specimens 
observed happened to belong to either group ; and before taking up the 
consideration of the detailed species, it is proposed to consider briefly. the 
distribution of the Schizopoda under these names, as follows :— 


Tue Evenausiups.—The records of the Schizopoda under the name of 
Euphausiide or Boreophausia sp. amount to one hundred and twelve for 
the seven years, and taking the one year with the other, they are distributed 
over all the twelve months; but the largest number occur in the first four 
and the last three months, as indicated by the Table annexed, which 
shows the number of the records of the Euphausiide that are referred to 
simply under their family or generic names for each station, and for each 
month of the year for all the seven years. 


Tas_E [., showing the Distribution of the Euphausiide, as indicated by 
the Records for the Years, Months, and Stations :— 
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Of these records thirty-one are for the Euphausiide observed in the 
surface tow-nets, while the other eighty-one are bottom tow-net records. 
In few of the surface gatherings were Euphausiide frequent or common, 
but in a number of the gatherings collected with the bottom tow-nets they 
were fairly numerous. ‘The results brought out by these Tables regarding 
their distribution are referred to further on in connection with the 
detailed account of the different species. — 

Meanwhile I proceed to notice the records of the second group of the 
Schizopoda as they appear under the general name of Mysis sp. or Myside. 
I find that there are only thirty-three separate notices of Myside, and 
three of these are entered under the name Leptomysis sp. The reason for 
this is that most of the Myside were usually not so plentiful, and 
were identified at the time or shortly after they were collected. The 
records of Myside, though few in number, show a distribution very 
similar to the Euphausiidee—that is, they occur chiefly among the statistics 
for the colder months. There are no records of Myside for the three 


‘summer months, while those for February, November, and December 


are together equal to 71 per cent. of the whole number. I shall now 

leave these more general groups for the present, and proceed to consider 

the distribution of those forms recorded under distinctive specific names. 
L 
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Boreophausia raschii. 'The records of this species are comparatively 
few, and are all included in the statistics for 1889 and 1890. In 1889 
there are eleven records of this species, one each for Stations I., III., and 
IV. in January, one each for Stations I. and V. in February, and one 
each for all the six stations in November. There are three records for 
1890, one each for Stations I. and VIII. in February, and one for Station 
TV. in March. . 


Thysanoessa neglecta. This is the Schizopod that is usually referred 
to in the records as ‘‘ Thysanoessa sp.” It was observed in 1891 at 
Station IIT. in October, and again at the same station in November ; it 
was also observed in November at Stations V.and VIII. In 1892 the 
records for Thysanoessa are as follows:—For Station I. in September, 
aud again in November and December ; for Station III. in December, and 
in the same month at Station IV.; at Station V. in October, and again 
in November and December ; once at Station VIII. in October, and on 
two different occasions in December (on one of these occasions the species 
was observed in both the surface and bottom tow-nets) ; at Station IX. 
it was also taken twice in December, one on the 2nd and again on the 
22nd. There are only two records for Thysanoessa in 1893—viz., in 
January for Station III. and in September for Station I. The only 
records in 1894 are two in December, when the species was taken in 
both the surface and bottom tow-nets at Station III. In 1895 there 
is no distinct record for Zhysanoessa, and it probably was not observed 
during that year. 


(i2.) The Myside. 


Siriella jaltensis.. (This is equal to S. crassipes, G. O. Sars, of earlier 
_ papers.) There is but one record for this among the faunal lists for the 
seven years ; it was obtained at Station V. in March 1893. 


Siriella armata is another species that is seldom met with in the Firth 
of Forth, and only one record of it is published in the lists of tow-net 
fauna of the selected stations ; it occurred at Station III. in March 1892. 


Gastrosaccus spinifer. There are records of this species from one 
or other of the selected stations for all the seven years except 1891. 
The first record is for Station VIII. in November 1889. In 1890 the 
species is recorded for Station VIII. in December, and for Station IX. 
in August. In 1892 for Station I. in January, and Station V. in 
March. There is only one record in 1893—viz., for Station I. in 
January, and one in 1894 for Station III. in February. In 1895 there 
are two records, one for Station ILI. in February, and one for Station 
VIII. in December. 


Heteromysis formosa is one of the rare species recorded for the Firth 
of Forth, and has only been observed twice during seven years—viz., at 
Station I. in August 1894, and at Station IV. in February 1895. 


Erythrops goésit. This Mysid, though not known to occur in Britain 
previous to the institution of the Board’s scientific investigations, is the 
most common of the Myside in the seaward part of the Forth estuary, 
and there are several records of it for all the selected stations. In 1889 it 
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is recorded in January for Station III., in February for Station I., and in 
November for Station VIII. In 1890 there are records of it for Station 
I. in October and November; for Station V. in February, Septem- 
ber, November, and December ; for Stations VIII. and IX. in February, 
and again in April; for Station TX. in August; and for Station VIII. in 
December. In 1891 the records include one for Station I. in March, and 
for Station III. in September and November, and for Station V. in March 
and Station VIII. in June. In 1892 Erythrops is recorded for Station 
J. in January, March, and November, and for Station ILI. in February. 
It is also recorded for Station V. in January, February, March, May, 
September, and December; for Station VIII. once in March and Septem- 
ber, and twice in December ; and for Station IX. in May, July, and 
December. The records for 1893 are comparatively few in number, and 
include one for Station III. in December, one for Station V. in March and 
November, for Station VIII. in December, and Station IX. in February 
and October. In 1894 there are only three records, one for Station III. 
in February, and two for Station V., one each in February and August. 
There are several records for 1895, and they are distributed as follows :— 
One for Station I. in April, one for Station III. in February, and again 
in October, one for Station V. in February, one for Station VIII. in 
February, May, and December, one for Station IX. in April, and one 
each for Stations VIII. and IX. in September. The annexed Tables 
show (1) the number of records for the months and years and (2) the 
number for the years and stations. 


TaBxe II., showing the Distribution of Hrythrops goésii, as indicated 
by the Records for the Years, Months, and Stations :— 
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Mysidopsis didelphys. There are only three records for this species, 
one for Station VIII. in December 1890, and twoin March 1891—one for 
Station I. and another for Station V. 


Mysidopsis gibbosa is recorded for Station III. in January 1889 ; for 
Station IX. in August 1890; for Station I. in March 1891, and for 
Station II].-in January and September of the same year. In 1892 there 
is a record for Station J. in January and Station IV. in March, while 
the only record in 1894 is one for Station III. in February. 
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Mysidopsis angusta. The only records of this species are all for 1890 
except one, and comprise one for Stations I. and III. in October, and 
one for Station V. in October, November, and December in 1890, and one 
for Station III. in 1891. 


Leptomysis lingoura is recorded once during the seven years—viz., for 
Station III. in March 1892. 


Hemimysis lamorne, This Schizopod is recorded three times in 1892— 
viz., twice for Station I,, once in January and once in March, and for 
Station IX. in December. The species is recorded again in 1893 for 
Station V. in January, and in 1895 for Station III. in February and 
Station VIII. in December. 


Macropsis slabberi, remarkable among British Schizopods for the 
length of the eye-stalks, is of frequent occurrence over a considerable 
portion of the Forth estuary, and specially in the upper reaches. While 
several of the species mentioned here may be regarded as only visitors, 
this appears to be a resident, at least in that part of the Firth which 
extends westward from Queensferry. In this part of the Forth, which may 
be considered the headquarters of the species on the East Coast of Scot- 
land, it may sometimes be found in large numbers, and its presence 
seaward may be due to the overcrowding in these waters causing a greater 
amount of migration to take place, though it is also possible that the 
species may be resident in the seaward as well as the landward part of 
the Firth. The records of the species that have to be noted in connec- 
tion with the present inquiry are the following :—The first reference to 
Macropsis occurs in February 1890 for Station IV., and again for the 
same station in March. There is no further record of it till October, 
when it is again recorded for that station and also for Stations I, and ITI. 
It is again recorded for the same three stations in November, and the 
November record for Station IV. is for both surface and bottom tow-nets, 
while the others are for the bottom tow-nets only. In 1891 there are 
records of this species for Stations III, and IV. in January, for Stations 
I. and III. in October, and in the same months for Station IV. The 
October record for Station IV. is for the surface tow-net. In July of 
the same year Macropsis is recorded as frequent in a surface tow-net 
gathering at Station VIII. in July, which seems to indicate a consider- 
able migration of the species seaward, either from the upper parts of the 
estuary or elsewhere. In 1892 it is recorded for Station I. in January 
and for Station [V. in March. In 1893 the first record is for Station IV. 
in January, while the next records are for Stations I. and IIL. the first 
being for November, the other for October. There are no records of 
Macropsis for 1894. The records for 1895 include one for Station III. 
in February and another for the same station in October. There is one 
for Station IV. in February, and two for the same station in October, one 
for the surface tow-net and one for the bottom tow-net ; and another for 
the same station in December, 


Praunus flexuosus. This species, which is more familiar by its older. 
name of Mysis chameleon or Mysis flexuosa, is, though a common one, in- 
frequent among the tow-net invertebrates from the selected stations. In 
1892 it is recorded for Station IV. in January and March; in 1893 for 
Station III. in December ; in 1894 for Station III. in February; and in 
1895 for Station IV. in January, and for the same station in February. 
Praunus flexuosus was observed only among bottom tow-net gatherings. 


~ 
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Praunus (Mysis) inermis. The only records for this species occur in 
1895, in February, and comprise one each for Stations V., VIII., and 
X., all being bottom tow-net gatherings. 


Schistomysis spiritus. This species is recorded for Station IX. in 
November 1889; for Station I. in October 1890; and in the same 
year for Station V. in November and December. In 1891 it is recorded 
for Station I, in March, for Station IV. in January, and for Station V. 
in November. There are no records for 1892. In 1893 there is a record 
for Station III. in January, and one in February 1894 for the same 
station. There is no record of S. spiritus for 1895, 


Schistomysis ornata. This, which is one of the most richly coloured 
of the British Myside, is also at times moderately frequent in the Firth 
of Forth, and there are several records of its occurrence at most of the 
selected stations. The first record is for Station I. in August 1889. In 
1890 there are records of it for Station I. in October, for Station V. in 
February, November, and December, for Station VIII. in February, 
April, and December, and for Station IX. in February and October. In 
1891 it is recorded for Station I. in March, and for Station ILI. in 
September. It is also recorded for Station IV. in March and November. 
In 1892 it is recorded in January and March for the two Stations I. and 
V. There are no records for 1893. In 1894 it is recorded for Station 
ITI. in February. In February 1895 it is again recorded for Station 
IIL, and for Station IV.in January. All the records are only for 
bottom tow-nets. 


Neomysis vulgaris. The only record for this species is one for Station 
IV. in December 1892, from the surface tow-net. 


Table III. shows the distribution of the whole of the species of 
Myside referred to in the preceding notes for the years and months and 
also for the stations; while Table IV. shows, in the same way, the 
distribution of the whole of the Schizopoda. 


TaBLE III., showing the Distribution of all the species of Myside 
for the Years, Months, and Stations. 
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TasLeE [V., showing the Distribution of the Schizopoda, as indicated by 
the Tow-net Records for the Years, Months, and Stations. 
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Taste LV.—continued. 
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It will be observed from the various Tables, and also from what has 
been already stated concerning the distribution of these crustaceans in 
the Firth of Forth district, that, generally speaking, they are much more 
numerous in the winter and spring months than in summer; and not 
only is it the case that a greater variety of species appear to be present 
in the estuary during those colder months, but it is evident that some of 
them at least are also individually much more numerous. The recorded 
results of the Garland researches, even during that part of the year 
which seems to be most favourable to the presence of these organisms, 
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shows that their movements are more or less erratic. On February 14, 
1890, Euphausiide are recorded as ‘‘common” in a bottom tow-net 
gathering at Station V., but at Station VII., a little to the south of 
Station V., trawled the previous day, they are described as “ very rare,” 
while, on the other hand, the Myside were more common, and in much 
greater variety, at this station. Moreover, at Station I., which is in line 
with Station V., but a little farther west, and also at Stations IL, III., 
and IV., which were all tow-netted within a few days of each other, 
Euphausiide are either altogether absent from the tow-net lists or they 
are described as “rare.” These Schizopods were again present in the 
Forth in considerable numbers in the following March; they were 
common at Stations I, III, IV., VIII, and IX., but few or rare at 
Stations IL, V., VI, and VII. During the following summer 
Euphausiide were entirely absent from, or were very scarce in, the 
tow-net gatherings which were then collected ; but the records for the 
ensuing month of October describe these organisms as frequent at some 
of the stations during that month, and they continue to be represented 
in the tow-net gatherings in varying numbers, from one or other of the 
stations, all through the winter and on to the spring of 1891. During 
the summer and winter months of that year comparatively few records of 
the Euphausiide occur in the lists of tow-net gatherings, and not till the 
beginning of 1892 is there much increase in the number of the records ; 
but, though in February and March there is a decided increase, the 
captures of them even then are usually described as “‘few” or “ rare.” 
With one or two exceptions, Schizopods continued to be scarce in the 
tow-net gatherings till the winter of 1893-94, when they appear to have 
become more than usually numerous, and, in a considerable proportion of 
the gatherings collected during December and January of that winter, 
they are referred to as “‘common” or “ frequent.” With the advent of 
summer, however, and from that time on into 1895, the numbers of these 
crustaceans are again considerably reduced. From a study of all the 
facts at our disposal in the published records in the Fishery Board’s 
Annual Reports for 1889 to 1896, there seems to be a fair amount of 
evidence tending to show the existence of a more or less regular yearly 
increase and decrease in the numbers of Schizopoda present in the estuary 
of the Forth, but the reason of this increase and decrease is not sufficiently 
clear to permit at present of a satisfactory explanation. 

Besides this apparent yearly variation referred to, there also appears 
to be a fluctuation, which may or may not be regular, that extends over 
a longer time. I refer to the presence of Schizopoda in considerable 
numbers in the winter of 1889-90, and again in the winter of 1893-94 ; 
but to ascertain whether this variation is merely accidental or not would 
have required the investigations to be carried on over a much longer 
period than they have been. In considering this question of the seasonal 
variations of the Schizopoda, J have dealt mainly with the Euphausiide, 
because this family is the one most numerously represented in the Firth 
of Forth, and the one which has shown the greatest tendeucy to a regular 
periodic increase and decrease. The Myside, also, to some extent show a 
similar tendency to variation, but the variation is scarcely so well marked 
as in the case of Euphausiide. 
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(c) CuMACEA. 


The species of the Cumacea which have been identified are :— 


Iphinoé trispinosa (Goodsir), Diastylus rugosa, G. O. Sars. 
Cumopsis goodsiri (V. Beneden), Pseudocuma cercaria (V. Beneden). 
Leucon nasicus, Kroyer. Campylaspis rubicunda, Lilljeborg. 


Eudorella truncatula (Spence Bate), Petalosarsia declivis, G. O. Sars. 


Others are recorded simply under the family or generic names, As 
these crustaceans usually live on or close to the bottom of the water, the 
records of them in the tow-net lists are, as might be expected, compara- 
tively few, and may be briefly stated as under :— 


Iphinoé trispinosa is only recorded for Station I. in July 1889, and 
for the same station in February and July in 1890, 


Cumopsis goodsirt. 'The only record for the species is for Station III. 
in September 1891. 


‘Leucon nasicus. In 1890 this species is recorded for Station I. in 
April, for Station V. in March, and for Station VIII. in December ; in 
1892, for Station V. in April, and for Station VILI. in May 1895. 


Eudorella truncatula. The records for this species are four in number, 
one for Station V. in September and one for Station VIII. in December 
1890; one for Station I. in February 1892, and one for the same station 
in June 1893. 


Diastylus rugosa is recorded under its full name only for Station I. in 
April 1890, and for Station V. in March 1891; but there are several 
records of Diastylus sp. included in the additional references to the group 
under the more general name of Cumacea, etc. 


Pseudocuma cercaria. This is a moderately common Cumacean, 
though, for the reason stated about the habits of these creatures, its 
name does not occur very frequently in the lists of tow-net fauna. The 
records are as follows:—In 1890 there are four in April—viz., one for 
Stations I., V., VIII, and IX., and it is recorded again for Station IX. 
in August and October. In 1891 there is a record for Station IX, in 
February, and for the same station again in September, and there is also 
one for Station VIII. in September. In 1892 there is a record for 
Station I. in January, and again for the same station in September. 
There is only one record for 1893—viz., for Station VIII. in April. In 
1894 there are records of Pseudocwma for Station V. in August, and for 
Station IX. in February and April; and in 1895 for Station I. in April 
and October, for Station III. in October, for Station V. in April and 
_ August, and in the same two months for Station IX. 


Campylaspis rubicunda. ‘This species, which at that time had not 
been recorded for Britain, was observed at Station IX. in April 1898, 
and at Station V. in 1894. 


Petalosarsia declivis, another rare Cumacean, was observed at the 
same time and place as Campylaspis. This concludes the records of the 
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named species, but there are several other records of Cumaceans under: 
the more general names of Cumacea, Cuma, ete., which I shall now refer to. 

The records of Cumaceans under these general names are as follows :— 
In 1890 the first is for Station V. in March; in April there are records 
for Stations III., VIII., and IX., and for Station VIII. in December. 
In 1891 the records are—one for Station VIII. in February, for Station 
I. in March, for Station VIII. in April, and for Station III in 
November. In 1892 there is a record for Station VIII. in March, for 
Station IX. in May, for Stations V. aud TX. in July, for Station VIII. 
in September, and for Station IX. in December. In 1893 there are 
four records of Cumacea—viz., two in June for Stations I. and V., one in 
August for Station V., and one in October for Station IX. The only 
records in 1894 are—one for Station V. in February, and another for 
Station IX. in the same month. There are five records in 1895, one for 
Station IV. in February, one for Stations III., VIII, and IX. in 
February, and one for Station VIII. in December. 

There does not appear to be any feature of special interest in the 
distribution of the Cumacea as brought out by the published records, 
except that a few of the species are rare or new in the British seas. 


(ad) Isopopa. 


The next group of organisms that fall to be noticed is the Isopoda. 
This group is represented in the tow-net lists by six species, the names of 
which are as follow :— 


Gnathia (1) maxillaris (M. Edw.). Idothea emarginata (Fabr.). 
Eurydice pulchra, Leach. 5, linearis (Linn.). 
Idothea baltica (Pallas). Janira maculosa, Leach. 


With the exception of Idothea baltica, these Isopods were all 
extremely rare in the tow-net gatherings under consideration, and the 
records for them are as under :— 


Gnathia (?) maxillaris is recorded once in 1890, for Station VIII. in 
March. 


Eurydice pulchra is recorded in the same year for Station III. in 
November. | 


Idothea baltica is recorded in 1889 for Station VIII. in February, and 
for Station IX. in January. In 1890 the same species is recorded in 
April for Stations IV. and V., and again for Station V. in October. In 
1891 it is recorded for Station I. in January and April, and for Station 
IV. in March. It is recorded again for Station IV. in May 1892. In 
1893 it is recorded in February for Station IIL, and in November for 
Stations I. and IV. In 1894 there is one record—viz., for Station IV. in 
April. In 1895 this Isopod is recorded in April for Stations I., IIL, IV., 
V., and VIIL, and for Station V. in September. It will be seen that nine 
out of the nineteen records of Idothea baltica, or fully 47 per cent., are 
for the month of April; and it has also further to be noted that, curiously 
enough, the whole number of the records, with only a single exception, . 
are from surface tow-net gatherings. 
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Idothea linearis. There is only one record for this species—viz., for 
Station IV. in January 1893, 


Idothea emarginata. There is also only one record for this species 
—for Station I. in May 1891. 


Janira maculosa is also only recorded once, for Station IX. in April 
1890. 


« 


TaB.E V., showing the Distribution of the Isopoda :— 
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(e) AMPHIPODA, 


We shall now proceed to consider the Amphipoda recorded in the lists 
of tow-net fauna, and at the very outset we meet with a marked differen- 
tiation in regard to the distribution and numbers of certain of the species. 
Twenty-two species of the Amphipcds mentioned in the lists of tow- 
net gatherings are more or less fully defined by name. The distribution, 
as regards the numbers and the frequency of three of the species, is so 
different from the others as to indicate a more or less decided difference 
in their habits and mode of life. The three species I refer to are Hyperta 
galba, Hyperoche tauriformis (Spence Bate), and Parathemisto oblivia. 
Moreover, while these three differ more or less distinctly from the other 
Amphipods mentioned in the tow-net lists, they are also in their own 
habits somewhat dissimilar to each other. Parathemisto, for example 
(and perhaps also Hyperoche), is to a large extent a free-swimming 
species ; on the other hand, the Hyperie are also characterised as mess- 
mates of large Meduse, aud live a considerable part of their lives 
under the shelter afforded them by these curious organisms, Hence the 
distribution of Hyperia in the Firth of Forth depends to some extent on 
the presence or absence of Medusz, whereas Parathemisto being a “ free 
swimmer,” its movements are not so limited as those of the other. 

The following is a list of the Amphipods referred to by name in the 
lists of tow-net fauna :— 


Hyperia galba (Montagu). Iphimedia obesa, Rathke. 
Ayperoche tauriformis (Bate). Apherusa bispinosa (Bate). 
Parathemisto oblivia (Kroyer). is borealis (Boeck). 
Euthemisto (2) compressa (Goés). Paratylus swammerdami (M. 
Callisoma crenata (Bate). Edw.). 

Hippomedon denticulatus (Bate). Dexamine sp. 

Bathyporeia sp. Melphidippella macera (Norman). 
Ampelisca sp. Amathilla homari (Fabr.). 
Stenothoé marina (Bate). Gammarus sp. 

Argissa hamatipes (Norman). Gammaropsis _erythrophthalma, 
Metopa alderi, Bate. Lillj. 

Perioculodes longimanus (Bate). Pariambus typicus (Kr.). 


As it is not my intention to describe in detail the distribution of all 
the Amphipods named in the list, I shall confine my remarks chiefly to 
the Hyperiide, because of their great importance both numerically and 
as fish food, 


Hyperia galba. This Amphipod is occasionally present in the Firth 
of Forth, but usually in limited numbers, and the records of its occurrence 
seem to indicate that it is as frequently captured by the bottom tow-net as 
it is by the surface net. In 1889 the records of it for the selected 
stations are very few. It is recorded in the bottom tow-net lists for July, 
and again in November. The November record describes it as common. 
It is recorded for Station V. in August and November, and described as 
frequent in the bottom tow-net gatherings and few in the November 
surface-net gatherings; and it occurred sparingly in the bottom tow-net 
gatherings from Stations VIII. and IX. in August. But the infrequency 
of the records of this and other species in 1889 is no doubt partly due to 
there being no lists of tow-net fauna for March, April, and May (with one 
exception—viz., for Station V. for surface net in May), and for nearly all 
the months of Octoberand December. In 1890, though there are frequent 
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records of the occurrence of Amphipods under the name of Hyperia sp., 
H. galba is only two or three times noted, once in February for Station 
I, in July for Station III., and in December for Station VIII. The 
species referred to under the name of Hyperia sp. is probably Hyperoche 
tauriformis, recorded in 1891 e¢ seg. ann. In 1891 no direct reference 
to Hyperia galba occurs among the tow-net faunal lists. There are five 
records in 1892, but one or two of them are doubtful. In 1893 there are 
two records for Station III, one in August and one in November, that 
appear to refer to Hyperia galba. There are no records of it in 1894, 
but there are eight in 1895, one for Station I. in October and December, 
two (one surface and one bottom) for Station III. in October, one for 
Station IV. in August and October, one for Station V. in September, and 
one for Station VIII. in October. 


Hyperoche tauriformis, This species, which is the Hyperia taurt- 
formis of Spence Bate, was recognised as a member of the Forth fauna 
in 1891, and has been observed more or less frequently every year 
since. In previous tow-net tests it was recorded simply as Hyperia sp., 
and the records of Amphipoda under that name in Part III. of the Annual 
Reports probably refer chiefly to Hyperoche, though they may also occa- 
sionally include immature forms of Hyperta galba which could not at the 
time be otherwise satisfactorily disposed of. In the Report for 1891 
there are about fourteen to sixteen records of this Amphipod, chiefly from 
Stations V., VIII., and IX. In 1892 there are eighteen records. They 
extend over nearly all the stations, and the majority of them are for the 
autumn and winter months. The following are the records for 1892 :— 
For Station I. in November and December; for Station III. in July, 
October, and November ; for Station IV. in October, November, and 
December ; for Station V. in February and March, and again in October 
and November ; for Station VIII. inJuly, October, and November ; and 
for Station IX. in October and December. In 1893 the number of 
records for Hyperoche tauriformis is fourteen. It was recorded for 
Station I. in January, June, August (surface and bottom tow-nets), and 
September (surface and bottom tow-nets); for Station III. in June 
(surface and bottom tow-nets); for Station V. in August and September ; 
for Station VIII. in July and September; and for Station [X. in January 
and August. There are ten records in 1894—viz., for Station I. in 
August and November; for Station III. in June, August (surface and 
bottom tow-nets), and in November (surface and bottom tow-nets); for 
Station IV, in February, and for Station V. in June and August. In 
1895 there are eighteen records, divided as follows :—One for Station I. 
in October and December (for surface and bottom tow-nets); for Station 
III, in February, August, October (for surface and bottom tow-nets), and 
December (also for surface and bottom tow-nets); for Station IV. in 
October (for surface and bottom tow-nets) and December (also for surface 
and bottom tow-nets) ; for Station V. in February ; for Station VIII. in 
February, October, and December; and for Station IX. in December. 


Parathemisto oblivia. This Amphipod was more common and more 
generally distributed in the estuary than any of the other species, and it 
is one of the species that enter largely into the food of certain fishes, as 
the herring. At times the stomachs of herring contain large numbers of 
this crustacean. 

In 1889—the first of the series of seven years—the records of Para- 
themisto are few, there being only seven for the whole of the year; but 
there are, as already explained, several of the months of 1889 for which 
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there are no lists of tow-net fauna, and this no doubt accounts to a 
considerable extent for the records for that year being so few in number. 
Among the records for 1889 there is one for Station I. in January and 
another for Station IV.; for Station V. the records are, one in January 
and two in February, and one also for Station VIII. in January, and for 
Station LX. in January and November. 

In 1890 there are comparatively few records. Parathemisto was 
scarce in the surface and bottom tow-nets. For Station III. in April (in 
the surface tow-net), and at Station I. in May, it was rare ; in the surface 
net for Station IV. in December; at Station V. it was obtained in April, 
November, and December. The December record includes both the sur- 
face aud bottom tow-net gatherings. There are also the following records 
for Station VIII.—viz., two in April and December (surface and bottom 
tow-nets), and one in May and in August (bottom tow-net only). There 
are two records for Station IX., one in April and one in August. 

In 1891 the records of Parathemisto are much more frequent than in 
the two preceding years. There are twelve records for Station I., one in 
January, two in February, March, and April, one in May, June, and 
October, and two in November. There are also twelve records for 
Station IIL, one in January, February, and April, two in May, one in 
June, August, and October, and two in November and December. There 
are ten records for Station IV., two in January, February, and March, 
one in April, two in May, and one in June. There are ten records for 
Station V., two in February and March, one in April and May, and two 
in November and December. The records for Station VIII. are two in 
February, one in June, and two in November; while those for Station IX. 
are two in February, and one in April, May, and November-—the total 
number of records for 1891 being fifty-four. 

The records of Parathemisto for 1892 include the following, viz. :—Two 
for Station I. (surface and bottom tow-nets) in January, February, and 
March, and one in April for the bottom tow-net, and in November and 
December for the surface tow-net. The records for Station III. are 
two in January, February, and March, and one in October, November, and 
December. For Station IV. there are two records for January, February, 
and March, and one for April, November, and December. For Station 
V. there is one in January and February, two in March, April, and October, 
and one in November and December. The records for Station VIII. are 
two in January, February, and March, one in May, June, July, and 
October, and two in December ; and for Station IX. there are two records 
in July, February, and March, one in April, May, July, and October, and 
two in December. Altogether there are sixty records of Parathemisto for 
1892, and over fifty of them occur in the first three and last three months 
of the year. It may also be noted that the records for Stations I., IIL, 
and IV. describe the species as common in the surface tow-nets in 
January or February, while the records for Stations VIII, and IX. 
describe it as common in the bottom tow-nets in January. 

In 1893 the records of Parathemisto are much fewer in number than for 
the previous year. Those for Station I. are two in January and one in 
April, October, and November. For Station III. there is one in January, 
February, and October, and two in December. 'The December records 
describe Parathemisto as frequent in the surface and common in the 
bottom tow-net. For Station IV. there is one record in January, 
February, April, and May, two in October, and one in November. For 
Station V. there is one in February and June, and two in October and 
December. For Station VIII. there is one in January, April, May, and 

‘October, and two in December; while for Station IX. there is one in 


m\ 


Te 


of the Fishery Board for Scotland. 7 173 


April, two in October, and two in December. The October records for 
Station IX. describe the species as common in the surface tow-net and 
frequent in the bottom net, and in December as frequent in both nets 
There are in all thirty-four records of Parathemisto for 1893, twenty 
seven of them being for the first three or last three months. 

In 1894 the number of records are as follow :—For Station I. there is 
one in February, two in April and August, and one in November, For 
Station ILI. there is one in February and April, two in August, one in 
November, and two in December. For Station IV. there is only one 
record—viz., for surface tow-net in February, in which Parathemisto is 
described as common. There are only two records for Station V.—viz., 
for surface and bottom tow-nets in February. There are three records for 
Station VIIL., one in January and February, and one in April. The only 
record for Station IX. is one in February. ‘The number of records of 
Parathemisto for 1894 is twenty, twelve of which are for the first two and 
last two months, the other eight being divided equally between April and 
August. 

In 1895 the records for Station I. are one in February and two in 
December, and in the surface tow-net record for December Parathemisto 
is described as common. For Station III. there is one in February and 
April, and two in December. For Station IV. there is one record in Feb- 
ruary and one in December. There is one record in April for Station V. 
For Station VIII. there is one in February and April, and two in Decem- 
ber; while for Station IX. the records are two in February and one in 
December—or seventeen records altogether for 1895, thirteen, or fully 
70 per cent., of them being for the two months February and December. 

The following Table shows the distribution of the records of Parathe- 
msto as described in the preceding notes :— 


TaBLe VI., showing the Distribution of Parathemisto, as indicated by 
the Tow-net Records for the Years, Months, and Stations. 
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Taste VI.—continued. 
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TaBLeE VI1.—continued. 
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1} The Table shows that the total number of records for Stations I., {IL., 
V., and VIII. is nearly the same ; and it is of interest to note that Stations 

i IV. and IX., which are also nearly equal but show a smaller number of 

ie records than the others, might have been expected to have yielded 
| very different results, as the first is an inshore station, while the other is 

the farthest seaward of all the Forth stations, being situated considerably 

east of the May Island. Another point of interest is, that besides the 

. comparative absence of these Amphipods during the summer months there 

as. is evidence of a somewhat remarkable increase of those Crustaceans in the 
Forth in 1891 and 1892 compared with other years. With reference to 

the remarkable increase in the number of Parathemisto in the Forth 

during these two years, it is specially worthy of note that in February 

: 1892 an immense shoal of Huthemisto compressa—a species closely allied 
to Parathemisto in structure and habits—was observed off the Yorkshire 
coast. So great in number were they that the sea was described as 
*‘literally alive with them,” and it is stated that “ heaps ” of them ‘‘were 
afterwards washed ashore by sea-winds, and afforded a feast for starlings 
| and other frequenters of the tidal line.” * Some of these Huthemisto found 
i] their way into the Forth estuary, and are mentioned among the tow-net 
; records for that year. They were first observed in the Forth in February, 


*T, H. Nelson in ‘ Naturalist’ tor May 1892, 
M 
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and they either remained in the estuary all the summer or returned in the 
autumn, for they were observed again in November. 

Whether this irruption of the Hyperiide was merely accidental and 
temporary, or due to a periodic migration at more or less distant inter- 
vals of time, the records are not sufficiently extensive toshow. Whatever 
be the reason, there seems to be no doubt that some time during 1891 and 
1892 there was a greater number than usual of these Crustaceans off our 
East Coast, part of which found their way inshore, with the result that 
the number of records of Pavathemisto was increased beyond those of the 
previous or following years. 

In the following analysis of the Table, some of the results referred to 
are more clearly brought out—the three formule subjoined show the 
total numbers of the records (1) for the stations, (2) the months, and (3) 
the years, thus :— 


Formula (1) shows the total number of the records of Parathemisto 
for each of the stations for all the months and years :— 


Numbers of the Stations, - : TERR ety. VOR ee 
Total number of Records for each Stakion! : 37.89 31 36 36 29 


Formula (2) shows the total number of the records of Parathemasto 
for each of the months for all the years, (a) for Stations I., III, and IV, ; 
(0) for Stations V., VIII., and IX. ; and (ce) for all the six stations : — 


Names of the Months, - do 8 & bm z m oo = > 
Ae a | Sata eS HO 
a) the Inner Stations, - 16181015 7 3 pb 0 7 24) 
fag Pee 3 the Outer Stations,. - 1020 814631209 820 
each Month, for { (.) ait the Six Stations, - 26 38182913 6 17 0161935 


Formula (3) shows the total number of the records of Parathemisto 
for each year, for (a) the inner stations, I., III., and IV. ; (0) the outer 
stations, V., VIII., and IX. ; and (c) for all the six stations :— 


Numbers of Years, : - . : 1889. 1890. 1891. 1892. 1893. 1894. 1895. 


(a) the Inner Stations, - 2 4 34 aT 17 14 9 
ital ima acta i" the Outer Stations, - 6 12 20 38 17 #6 7 


each Year, for |.) all the Six Stations,- 8 16 54 60 34 20 16 

Euthemisto compressa. This species (referred to above) was recorded 
for the first time in the Firth of Forth in the “Tenth Annual Report of 
the Fishery Board for Scotland,” from specimens obtained at Station V. 
in February 1892. It was collected again in the same year in November ; 
and the next record of it is in November 1893, when it was obtained at 
Station V. 

The other Amphipods mentioned in the list are, with the exception of 
Paratylus and Apherusa, only occasionally referred to among the records 
of tow-net invertebrates, and are therefore, except from a natural history 
point of view, of less importance than those already mentioned. 
Consequently I do not propose to enter very minutely into the 
consideration of their distribution.* 


Callisoma crenata. There are few records of this species, and they 
extend from 1890 to 1895. 


Hippomedon aenticulatus is only recorded once among the tow-net 
lists for the selected stations—viz., for Station IX. in February 1894. 


* A tabulated list of species at the end of this paper shows some further details of the 
distribution of these Amphipods, 
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_Bathyporeia and Ampelisca have been recorded, but the species were 
apparently not identified. 


Stenothoé marina has one or two records, but it appears to have been 
comparatively rare in the tow-net gatherings under consideration. 


Argissa hamatipes is occasionally recorded in the lists of tow-net 
invertebrates collected at the three outer stations, but less frequent in 
those collected at the inner stations. 


Metopa aldert appears to have been comparatively frequent at 
nearly all the stations. 


Perioculodes longimanus is recorded chiefly from the outer stations. 


Iphimedia obesa is only recorded once—in 1892 for Station V. in 
January. 


Apherusa (two species) and Paratylus are referred to several times in 
the lists of tow-net invertebrates; neither of them appears to be rare, 
though less common than some of the others. 


Melphidippella macerais only once recorded—viz., at Station VIII. in 
March 1892. 


Amathilla homari is also recorded once—viz., for Station IV. in 
December 1892. 


Gammaropsis erythrophthalmus is recorded once—for Station V. in 
December 1890. 


Dulichia sp. and Pariambus typicus are both rarely mentioned among 
the lists of tow-net gatherings. 


(f) CLADOCERA. 


Evadne nordmanni is recorded from nearly all the six stations, and 
was occasionally moderately frequent. 

Podon (%) polyphemoides, though not so common as Evadne, is re- 
corded several times, and for at least four different stations. 


(g) CopEPoDa. 


The Copepoda, though usually present in nearly all the tow-net gather- 
ings, being sometimes common or even abundant, do not usually show 
much variety of species. The following is a list of the Copepods 
_ recorded in the various tow-net gatherings collected during the seven 
years at the six selected stations :— 


Calanus finmarchicus (Gunner). Anomalocera patersont, Templ. 
Pseudocalanus elongatus, Boeck. Parapontella brevicornis (Lub.). 
Temora longicornis (Miiller). Oithona (1) similis, Claus. 
Centropages hamata, Lillj. Thalestris longimanus, Claus. 
Centropages typicus, Kr. Thalestris serrulatus, Brady. 
Metridia hibernica (B. & R.). Alteutha depressa (Baird). 

Candace pectinata, Brady. Dermatomyzon nigripes (B. and R.). 


Acartia sp. (t Clausit and longi- Monstrilla sp. 
remts), Caligus rapax, Miiller, 
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A few of the species named above are found occurring with more or 
less frequency in nearly all the lists of tow-net invertebrates, but the 
larger number of them were infrequent or rare, and it is those only that 
are of numerical importance that need be specially referred tohere. The 
first of them that I propose to notice is Calanus jinmarchicus. 
Calanus jfinmarchicus is, because of its numbers and its general distri- 
bution, one of the most important of the group to which it belongs, at 
least in the British seas. Being usually so numerous, it no doubt 
furnishes a rich supply of food to the young of all kinds of fishes, 
and, as a matter of fact, it frequently forms the principal food of the 
herring. This species is, as a rule, usually more numerous than the 
other pelagic Copepods, and it occurs at times in considerable abun- 
dance in the estuary. Its distribution, as {indicated by the tow-net 
records, is as follows :—In 1889 Calanus is recorded twice for Station I. 
in January ; once in July, August, October, and November for Station 
Til. ; once in January, July, and August for Station IV.; once in 
January, May, June, August, and September for Station V., while for 
the ‘same station in November Calanus is recorded as abundant in the 
surface and frequent in the bottom tow-nets; for Station VIII. it is 
recorded once in January, twice in June and July, once in August, and 
once in November ; for Station IX. there are two records in June, one 
in August, and two in November. In the surface tow-net record for 
November Calanus is described as abundant, and as common in the 
bottom tow-net. 

In 1890 the records of Calanus for Station I. are two in February, 
March, April, May, July, October, and November, and one in December. 
It is described as abundant in one and common in four of these 
gatherings. The records for Station III. are two in February, March, 
April, May, July, October, and November, and one in August; for 
Station IV. there are two records in March, May, November, and 
December, and one in February, April, July, August, and October. 
The records for Station V. are two in February, March, April, May, 
September, October, November, and December, and one in July. For 
Station VIII. there are two records in March, April, May, September, 
and December, and one in February, July, and October; while for 
Station IX. there are two records in March, April, May, October, and 
December, and one in February, July, and September. The records for 
Calanus in 1891 are for Station I. two in February, March, April, 
May, June, and August, and one in January, July, October, and 
November. For Station III. there are two records in February, April, 
May, June, July, and December, and one in January, August, September, 
October, and November. For Station IV. there are two records in 
January, February, March, April, May, June, and October, and one in 
August and November. The records for Station V. are two in February, 
March, April, May, July, October, November, and December, and one in 
June and August. Station V. having been trawled twice in October 
adds a third record for that month. There are two records for Station 
VIII... in February, April, May, June, and November, and one in July, 
August, September, and October; while for Station IX. there are two 
records in February, May, June, July, August, and November, and one 
in April, September, and October—making ninety-seven records in all for 
1891. The number of the records of Calanus for 1892 is about equal to 
that of the previous year. ‘Those for Station I. are two in April, May, 
and December, and one in January, February, March, July, September, 
and November. For Station III. there are two records in February, 
March, April, May, November, and December, and one in January, July 
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September, and October. The records for Station IV. are two in 
March, April, May, June, October, and December, and one in January, 
February, July, September, and November. For Station V. there are 
two records in January, April, May, October, November, and December, 
and one in March, July, and September. The records for Station VIII. 
are two in March, April, and September, and one in January, February, 
May, June, July, and November. In December this station was trawled 
twice, and furnished four records of Calanus for that month. The 
records for Station IX. are two in January, February, April, May, 
September, and October, and one in March, June, and July. There are 
also three records in December, the station having been trawled twice 
that month. 

The records for 1893 are as follows :—For Station I. there are two in 
January, April, May, September, and November, and one in February, 
June, July, August, October, and December. For Station III. there are 
two in January and December, and one in February, May, June, July, 
August, September, October, and November. For Station IV. there are 
two in January, February, April, June, October, and November, and one 
in May and December. There are for Station V. two records in 
February, May, August, October, and December, and one in March, 
June, July, September, and November. There are two records for 
Station VIII. in January, April, July, and December, and one in 
February, May, August, September, and October, while for Station IX. 
there are two records in January, February, May, June, July, October, 
and December, and one in April and August. 

The records of Calanus for 1894, which are fewer than for the three 
preceding years, include two for Station I. in April and December, and 
one in January and February. ‘There are two for Station III. in 
August, and one in February, April, and June, while in December there 
are four records owing to the station having been twice trawled that 
month. For Station IV. there are two records in April and one in 
January and February. The records for Station V. are two in February 
and April and one in August. For Station VIII. there are two records 
in February and one in January, April, and August, and those for Station 
IX. are two in February and April. The records for this year number 
thirty-four. 

The records of Calanus for 1895, which are also few in number, 
include two for Station I. in April and December, and one in February, 
May, and October. There are two for Station III. in February, April, 
October, and December, and one in May. There are two for Station IV. 
in February, October, and December, and one in January, April, and 
May. The records for Station V. are two in February, April, May, and 
August, two for Station VIII. in February, May, October, and 
December, and one in April and September, while for Station IX. there 
are two records in February, April, and December, and one in May, 
August, and September. The number of records for 1895 is fifty, while 
the total number for the seven years is four hundred and eighty-four. 

The distribution of Calanus finmarchicus, as described in the preced- 
ing notes and shown by the annexed tabular arrangement of the number 
of records, is more uniform throughout the six stations than that of 
Parathemisto. It may be observed that there is a tendency towards an 
increase in the number of records during the earlier months, and also to 
a small extent during the later months of the year, but this tendency 
shows itself principally in the greater number of double records for these 
months: that is, records which include both the bottom and surface 
tow-net gatherings. This is shown more clearly by the Table. 
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TaBLe VIL. giving the Distribution of Calanus finmarchicus, as shown 
by the Tow-net Records for the Years, Months, and Stations. 


Number of Records for each Month of each Year. 


Totals for Years 
and Stations 
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TaBLE VII.—continued. 


\ 


ri Number of Records for each Month of each Year. 


Three Outer Stations. Years. 


Totals for Years 
and Stations. 


Totals for the Months, . 


VIII. 1892, 


— Totals for the Months, . 


1889, 
1890, 
— 1891, 
| | : 9. 1892, 
| 1893, 
1894, 


1895, -| 219 


Totals for the Months, . 


iL 80 


a This Table also shows that the difference in the total number of 
|) 7 records for each of the stations for the seven years is comparatively 
| oa small. The highest number (86) is for Station V., while the lowest 
| numbers occur at Stations I., [V., and VIII.—each of these stations 
having a total of 78 records for the seven years. The number of records 
for each of the stations may be stated as a formula, thus :— 


Formula (1) shows the total number of records of Calanus for each 
oe station for all the seven years :— 
| este: . Inner Stations. Outer Stations. 
Numbers of the Stations, - - SOL LR PEERS eV, V0 VIEG OX. 
Total number of Records for each Station, - 78 84 78 86 78 80¢ 


182 Part ITI.—Sixteenth Annual Report 


The total numbers of the monthly records exhibit a greater amount of 
divergence than those for the stations as shown by the next formula. 

Formula (2) shows the total number of records of Calanus for each 
of the stations for the seven years, (a) for the inner stations, I,, III., and 
IV. ; (0) for the outer stations, V., VIII., and IX. ; and (c) for all the six 
stations :— 


Names of the Months, - - a 2 8 me Le ee 
Sgaae5ha4a626 

. ((a@) the Inner Stations, - - 20 27 15 32 25 14 16 14 7 22 21 27 
roger the Outer Stations, - 12 30 13 30 28 15 18 16 17 22 16 27 
Month, for (c) all the Six Stations,- - 32 57 28 62 53 29 34 30 24 44 37 54 


Yet although there is a certain amount of variation, with the excep- 
tion of one or two months—as March and September—this variation 
is comparatively trifling, showing that Calanus was not only common, 
but also, on an average, very equally distributed throughout the estuary. 
The total number of records of this Copepod for the three inner and three 
outer stations, for the twelve months and for all the seven years, is 240 
and 244 respectively, or practically the same for the two groups of 
stations. Another point which may be noticed here, and which is shown 
in the Table, is that the totals of the monthly records for the seven years 
and for each of the six stations for April are, with one exception, exactly 
alike—the number for April for each station being ten, except at Station 
I., where the number is twelve. It would also appear from the tabular 
enumeration of the records that during six out of the seven years 
(excluding 1889) Calamus was more common and generally diffused 
throughout the district referred to here, in the month of April, than in 
any of the other months. The reason for this uniformity may not be 
easily explained. It may be due to a periodic migration of Calanus, or 
to some influence inducing them to crowd more in towards the shore at 
this season—probably for spawning. 


Formula (3) shows the total number of records of Calanus for each of 
the seven years, (a) for the inner stations, I., III., and IV.; (0) for the 
outer stations, V., VIII., and IX.; and (c) for all the six stations :— 


Numbers of the Years, - - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
Total number of ((@) the Inner Stations, 15 43 49 45 42 20 26 
Records for each 

Year, for 


(6) the Outer Stations, 19 43 48 49 44 14... 27 
(c) all the Six Stations, 34 86 97 94 86 34 58 


The greatest difference between the yearly totals for the inner and 
outer stations is that for 1894, while the total number for the seven 
years for each group of stations shows only a difference of four—the 
numbers being for the inner stations 240 and for the outer stations 244. 

But though Calanus jfinmarchicus is the most common Copepod in the 
Firth of Forth, there are one or two other species included in the lists of 
tow-net gatherings which are more or less generally distributed, and at 
times moderately frequent, and which no doubt compete closely 
with Calanus as important sources of fish-food, especially as the food of 
young fishes. Temora longicornis is one of these; so also, though in a 
somewhat less degree, are one or two species of Acartia—viz., A. 
longiremis and A. clausii (both of which are found in the Forth estuary). 
I do not propose to refer at length to the distribution of these Copepods, 
as the Tables which follow show by comparison with that of Calanus 
its more important details, as well as some other of the more noticeable 
‘differences in this respect between them and that species. 


S293 Dec. 


SZ 


Ce ee ey | 
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Taste VIII., showing the Distribution of Temora longicornts, as indi- 
cated by the Tow-net Records for the Years, Months, and Stations 


Number of Records for each Month of each Year. 


Three Inner Stations. Years. 


Totals for Years 
and Stations 


3 |< 
1889, Le ee eee ee 3 
1890, a) Sava 10 
1891, a ah he 11 
I 1892, A hea shoe 8 
1893, ee ee a 5 
fog A a ee Pe 1 
1895, the Bee 5 


Totals for the Months, 


Totals for the Months, p ee ee ao SS mae 2 |) hh a be | oe hae 
1889, sage te, ee Ay ae Tee Se aie (ea ee a 

HO Ss elias Ph Sea haf ae hat = ad 6 

Ore ee a ie | ee a) ae =| ace S 

TV. 1892, -|-/]-] 2 Pe eek a he se avi, Te: es he ee 3) 

1893, ee lin El ce Wy nel at (ed ee fa 

1894, -{|-|-;]1}]-|]-]-|]-|-|-|-]-]f1 

; 1806. Suh Te Elle 2a oe ee pee bi ul ang 

Totals for the Months, i SP LE eel ODP LO Ze a i) See Die eee) | oD ess 


[ TABLE, 
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TaBLeE VIII.—continued. 


Number of Records for each Month of each Year. Ee 
ee 
Three Outer Stations. Tea 8 
GW Baa shal Bel deal aah 2 ea EE 
S\£le(f|S(S/2]4a)e|slala 
1889, ae cee eee me ere rp) 
1890, Baler ees ee al Wee fel | ye | 2 2) - 
1891, ey Re) OC pea Wed ect aes eel 
V 1892, Pe eR Me al Me he La cab 
1893, omy (ees Yemen ee mee: a PR a OU Pd Pl) = 
1894, ee ee eg Rae eres, 1 SN | Ores cee es 
1895, Bt cep ag te ers SO eed: Ber een cee 
Totals for the Months, 4 , mil et AE WAGE te Dees ASS ih feedlot | ene 
| 
1889, is Ti Rea A ee i yl By ear 
1890, = fom 2 [e2 b- Blomoub DL fy <i Be ett etl eee 
1891, ins ee! 1 Vi a) b's) 1 2 > Aaa a Une) i I | 
VIII. | 1892, 7 Sp ah eh ie os Sa cee eres 
1898, ofa ) ae ae oe ae do ee pe 
| 1894, ae ee ee ee ee ee dee fre Pah Penge SR 
| 1895, ee eM Se ee de re) 
Totals for the Months, 


Totals for the Months, 


This Table contains an enumeration of the number of records of Z’emora 
for all the stations and for the seven years, arranged in the same way as 
those of Calanus. An examination of the Table shows that the distribu- 
tion of Temora differs little from that of Calanus, except that the number 
of records is rather fewer. Like Calanus, the highest number of yearly 
records of Temora occur in 1891, 1892, and 1893; and also, like that 
species, there is with one exception comparatively little difference in the 
total number of records for each of the stations: the principal difference 
is found at Station V., where the number is greater, by five records, than 
the highest number next to it, at Station III., while it is eleven records 
greater than the minimum number at Station IV. It may also be noted 
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that the station with the highest number of records of Temora and 
Calanus is the same—viz., Station V. But the* Table shows a slight 
diversity in the distribution of Temora throughout the different months 
of the year as compared with that of Calanus. Thus, the maxima of 
monthly records are found in April and May, that for May being dis- 
tinctly higher than that for April, and the minima in January, February, 
March, and December ; while in regard to Ca/anus the maximum number 
is that for April, while the number for February is smaller than the maxi- 
mum by only five records. These points are more clearly indicated in 
the annexed formule. 


Formula (1) shows the total number of records of Temora for each 
station for all the seven years :— 


(a) Inner Stations. (6) Outer Stations. 
Numbers of the Stations, - eal EEK, as V,.. WEI “ie 
Total number of Records for each Station; - 43 44 38 49 43 43 


Formula (2) shows the total number of records of Temora for each of 
the twelve months, (a) for the inner stations, (0) for the outer stations, 
and (c) for all the six stations :— 


Names of the Months, - . - ; - qd 2 PER e ewe os 5 3 
Ce ee eae 2 ee 

(a) the Inner Stations a: Gee Oe 28S. eS 4 Ot 4 

Heel fresh ® the Outer Stations, - - 0 4 8 21 261310191610 6 2 
Month, for —{(c) all the Six Stations,- - 1 10 12 48 54 28 17 27 202215 6 


In the distribution of Calanus the month that shows the smallest 
number of records is September, but in the case of Temora the smallest 
number is that for January, and the proportional difference between the 
lowest and highest number of records is considerably greater for Temora 
than for Calanus. 


Formula (3) shows the total number of records of Temora for each of 
the seven years, (a) for the inner stations, I., III., and IV. ; (0) for the 
outer stations, V., VIII., and IX. ; and (c) for all the six stations :— 


Numbers of the Years,- - - - 1889. 1890, 1891. 1892. 1893, 1894, 1895. 
((a) the Inner Stations, - 7 23 28 25 17 6 19 
Total number of | ey eGutenetaions, 18 "86.4 1 4) 17. Bg 


Bee L(c) all the Six Stations, - 20 a ee ee ee 


There seems to be a greater variation in the total numbers for the years 
in the distribution of Temora than is the case with Calanus. The above 
formula shows that in the case of Temora the highest total number of 
yearly records is fully five times greater than the lowest, but in Calanus 
the difference is less than three times ; and further, the yearly maxima for 
Temora occur in 1890 and 1891, and in 1891 and 1892 for Calanus. 
The total number of records for Temora for the six stations during the 
seven years is two hundred and sixty. 


ACARTIA SP. 


The next Table shows the distribution of Acartia sp.,* in a manner 
similar to that of Calanus and Temora. 


* Careful examination is necessary in order to distinguish the species of Acartia, and 
for various reasons it was not always possible to carry out a minute and sufficiently careful 
examination of doubtful species on board ship; therefore the specimens of <Acartia 
observed were frequently recorded merely under their generic name. 
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TaBLE IX., showing the Distribution of Acartia sp., as indicated by the 
Tow-net Records for the Years, Months, and Stations. 


| 


Number of Records for each Month of each Year. 


Three Inner Stations. Years. . 


Totals for the Years 
and Stations. 


1889, 


1890, 
1891, 
I. 1892, 
1893, 


1894, 
1895, 


Totals for the Months, 


Totals for the Months, 


Totals for the Months, 


[Tape 
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TABLE LX.—continuwed. 


qu 
Number of Records for each Month of each Year. s 3g 
fe 
Three Outer Stations. Years. KE 
slelaldlelélelelalels| elke 
Slelsifislsisl/42ialelzlabe 
1889, SA Ge la a a i A Ney) 
1890, ee ee ee eee kot ere ey og Terme ea eed ee 
1891, eS S e ede let ah bee ee lect oiedia| tage lect 
1892, Al heal = slates Te Rak shyt cll =ajesky less a tee 
Hedge 2k Pe ay) SOR Peel aS ie Tae SO Sieg 
1894, ee rgd ee ee a ie a a a 
1895, -|- -|- | 1 - | - 1 - | - -|- 2 
Totals for the Months, ; ot | Ta em PS oe ay 2 ee Oak a as 
eee —eeEEeEEeEe—EeEeEeEeE—E——EeEeEeEEeeeEEeey_—E—E——————E—————E—EEE 
1889 I 6 Reena ie 1S reo ay en ee ee 
1890 -}-| 1] - 1 ee ne ce 1 1 -|- 4 
1891 - 2 - 1 ul 1 - 2 1 - a - 9 
VIII. Deseo Sh) MONS Paes ioe tii beet wy hioit2 bh 4 
1893, ee Selec ee dso pees PaO a foal A (| 
1894, PN oeiety POST Mest ecan is Del Mm s| oy fea OR 
1895 -/-]-] 1 al -|- 1 -/-j| -] - 3 
Motaldfor the Months, ) 5° 0°) |) 2) 1) 2) # Payer |e 2 |} 2 ee.) = pes 
1889, 
1890, 
1891 
10.4 1892 
1893, 
1894, 
1895 
Totals for the Months, 


It will be observed from this Table that the distribution of Acartia 


varies to a greater extent from that of Calanus than that of Temora was 
found to do. The greatest number of yearly records of Acartza shown in 
the Table is that for 1891, and not only is the yearly total number for the six 
stations for 1891 the greatest, but the same thing is observed in the total 
number of each of the stations for that year. If, on the other hand, a com- 
parison be made between the highest and lowest total numbers for the six 
stations, the difference is rather less than in Temora, and more similar to 
that observed in Calanus. It is also noticeable that Acartie are compara- 
tively usually more frequent during the summer months. It will be 
observed, for example, that the highest of the total monthiy records for 
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each of the three outer stations are those for May and August; while at 
Station IV. the highest is that for May, and at Station III. for June; but at 
Station I. the highest is that for February. The next highest numbers 
are those for April, May, and August. Some of these points are more 
clearly indicated by the three formule. 


Formula (1) shows, as before, the total number of records of Acartia 
for each of the stations :— 


(a) Inner Stations. (2) Outer Stations. 
Numbers of the Stations, = am? +e III. IV. ¥; Vili, -- to. 
Total number of Records for each Station, 23 26 28 25 23 21 


The station with the lowest number is [X., while that with the highest 
number is [V., the difference between them being seven. 

Formula (2) shows the total number of records of Acartia for each of 
the twelve months for the seven years, (a) for the inner stations, L., IIL., 
and IV.; (0) for the outer stations, V., VIII., and IX. ; (c) for all the 
six stations :— 


Names of the Months, 


(a) the Inner Stations, 


Total number of ( tat 
Records for each 1 (6) the Outer Stations, 


(c) all the Six Stations, - 014 418 24 1610 25 91212 2 


If these figures be closely examined and compared, it will be found that 
there is a more or less evident maximum in the total number of records 
about every three months. This is also found to be the case, though not 
so distinctly, when the numbers are divided so as to correspond with the 
inner and outer stations. But taking the total numbers first, it will be 
observed that, commencing with February, the total number for which is 
fourteen, there occurs in March a sudden drop, after which the numbers 
increase till May, when the second highest total for the whole year is 
reached. In June and July the numbers again fall, to be followed by a 
marked accession in August, so much so that the maximum for all the 
twelve months occurs then; in September there is again a marked 
decrease, after which a slight recovery takes place in October and Novem- 
ber, while in December the number is, next to January, the lowest for 
the year. This increase and decrease, though not so apparent where the 
numbers are divided to correspond with the inner and outer stations, can 
still be traced, especially in the series corresponding to the outer stations. 
The reason for this apparent rhythmical arrangement is not very clear, 
and it may be that the seemingly periodic recurrence of Acartia may be 
merely accidental. 

Formula (3) shows the total number of records of Acartia for each 
year, for (a) the inner stations, I., III., and IV.; (0) the outer stations, V., 
VIII., and IX. ; and (c) all the six stations :— 


Month, for 


Numbers of the Years, - : : - 1889. 1890. 1891. 1892. 18938. 1894. 1895. 
(a) the Inner Stations, - 4 10 24 16 14 5 4 
Saeed ppralaenlptig ty the Outer Stations,- 4 18 2 18 5 4 5 
aver. (c} allthe Six Gintiaus;-.0 8. coe 2b, tbe eee 


It will be observed that the maximum number—that for 1891—is pro- 
portionally considerably greater in comparison with the others than is 
observed either in the case of Calanus or Temora. 

A few of the other species of Copepoda referred to in the lists of tow- 
net invertebrates, such as Pseudocalanus elongatus, Centropagus sp., 
Anomalocera patersont, aud Oithona sp., are also at times more or less 
frequent in the Firth of Forth, but the published records of them show 
that they are usually less common than those already noticed. 
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The only points of interest in connection with the distribution of 
Pseudocalanus elongatus, so far as, can be made out from the tow-net 
records of its occurrence, seem to be these-—(lst) if an average of all the 
records of this Copepod for the seven years be taken, the numbers for 
April and May will be seen to be greater than those for all the other 
months added together ; and (2nd) that the maxima of the records for 
the seven years occur in 1891, 1892, and 1898. 


Anomalocera patersoni, which from its very large size and beautiful 
colour is easily detected among the tow-net gatherings, is recorded a con- 
siderable number of times during the seven years. The greatest total 
number of records for any of the years is that for 1891, the number for 
that year being nearly double that for any other of the whole seven, as 
shown by the formula. 

Formula (1) shows the Bamber of records of Anomalocera for each 
of the seven years :— 

Numbers of the Years, - - 1889, 1890. 1891. 1892. 1898, 1894. 1896. 
Total number of Records for ¢ each Year, 7 13 i 6 9 4 6 

This formula shows a gradual increase to the maximum, then a some- 
what irregular decrease. 

Formula (2) shows the total number of records of Anomalocera for 
each of the twelve months :— 


Names of the Months, Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec. 


Number of Records for 
aed \o Gta a one aber ark -Pily ty, ded, © toy 


It will be observed that by far the largest number of records for this 
species occur in May and June; they are much fewer in July, August, 
and October, and rarely, or none at all, in the other months. It would 
appear from this that Anomalocera is not resident in the estuary, but is 
only a summer visitor, and, as Formula (1) shows, its visits are fairly 
regular. 

Formula (3) shows the total number of records of Anomalocera for 
each of the six stations :— 


Inner Stations. Outer Stations. 
Numbers of the Stations, - - - ie III. EV. Vi VU VERE:; © BX. 
Number of Records for each Station, - > @ 5 a a 16 19 


The difference between the inner and the outer stations is very marked 
here, but is only what might be looked for if Anomalocera be only a 
“visitor” to the estuary and its vicinity. This also explains why 
Station IV. appears to have been so rarely visited, for, being a migrant, 
Anomalocera is more likely to keep as much as possible to the open 
water, and avoid inshore localities. 

The distribution of the other species mentioned in the: lists of tow-net 
fauna does not call for special analysis ; but a few of them are of interest 
because of their beauty, their rarity, or because of their structural 
differences and habits. 


Metridia hibernica, which is of an elongate form, and has a long and 
moderately slender abdomen, is recorded only once during the seven 
years—viz., at Station IX. in May 1892, when a few specimens were 
obtained. Metridia is a comparatively large Copepod. 


_ Candace pectinata is also moderately large, and is readily noticed by 
its dark chocolate-coloured swimming feet. There are several records of 
this species in the lists of tow-net invertebrates. 


Parapontella brevicornis appears to be only once recorded for the seven 
years, but the species is not very rare locally. 
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Dermatomyzon nigripes is also only once mentioned in the to w-net lists 
for the selected stations. rae 


Monstrilla sp. The most curious of the pelagic Copepods is the 
Monstrilla. Two species—M. helgolandica and M. rigida—have been 
captured in the estuary. In swimming it differs from the usual Copepod 
habit by keeping its antennules straight out in front, instead of holding 
them at right angles. 


Oithona sp. The Oithona that is sometimes not uncommon in 
the Firth of Forth is probably the O. s¢milis Claus, as stated by Dr. 
Giesbrecht. 


Caligus rapax is frequently found “free-swimming” in the estuary, 
and appears to be able to adopt that mode of life at will. 


(3.) Toa VERMES. 
THE saGiTTa (S. bipunctata). 


Leaving the Copepoda, I now pass on to consider the distribution of 
the Sagitta. A glance through the lists of pelagic invertebrates which 
form part of the trawling records shows that the Sagitta forms an item of 
considerable importance amongst the various objects collected by the tow- 
nets. Moreover, when the voracity of these curious organisms is taken 
into account, it is evident that the vast swarms of them that, occasionally 
visit our shores must form a destructive agency of no mean order, and 
especially if in the vicinity of their swarms fish larvee happen to be more 
or less common. It has been clearly proved that Sagitta prey to a con- 
siderable extent on larval and post-larval fishes—chiefly round fishes. 
This habit was observed by me several years ago, and before much atten- 
tion had been given to it otherwise ; and it was found that the Sagitta 
not only preyed on the larve of round fishes, but they also attacked the 
smaller Crustacea, and were even observed to devour their own kind— 
the larger Sagitta devouring the smaller. 

The distribution of the Sagitta in the Firth of Forth during the seven 
years will be best seen by a reference to the annexed Table. 


TABLE X., showing the Distribution of Sagitta, as indicated by the Tow- 
net Records for the Years, Months, and Stations. 


n 
ol 
Ss 
Number of Records for each Month of each Year. Ss 3 
! 22 
Three Inner Stations. Years, : 2 ————f" $ 
| Ee 
x | ae 
(2) — 
q je) & "age 
S/a le 
1889, Lee?) 4 = 
1890, = eo om 
1891, 1 | lid ot 
I 1892, 1 | Hay ie | 
1893, Tako! pea. 
1894, 1 | OE he 
| 
1895, . | - | 1};- 
ar 
Totals forthe Months,. . . | 6 Pil | 4 
| 
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TABLE X.—continued. 


am 
Number of Records for each Month of each Year. E ui 
; mS) 
meine | aad || ~—- B 
ace Aan a on rae el ilar anal ase ak A DO Oe je oe eee) 
1889, Bib dE Sel re AM aah 1 a cb 2 

1890, . | - | 2 | Abas arte kes | | - 

Pee eg ho ha Pog ee ta ti ae ley tee 

III. De ieee A a i a Radi) co ye hee. RG ask ees 

1893, Mie | a eb eto Wilal Doh od | 2 | 2 

1894, Shes ale al Ue ad ee hee e 4 

1 gen el IR RN ge ae Nid ie a On 2 

= fs EI So eee hed 8 nana eid se pe th wt ba 

Totals for the Months, . styl ean a) hie Tintin) Bak PF haat Fe Are 


Totals for the Months, . - : Shapley | eS atone | Dae oe 6. fh 6 1b rob 


Three Outer Stations. Years. 


= 
a 
a 
| 
EE 
3 
ny 
| ey 22 
vs} loan! o . 2S 
gS EB) 12 ES) S| els rs | ses 
SlelsieqlSis/Sl4/a}o/e = 
1889, 2 eae ee Po Ue Qi ee ee sD 

1890, . EE ae a) ed ee oa nas el Ta ad a ke 

S91. =i (OMA 1 y 1 1 il 2 2 2 2 
Ns 1492)... Vi bk eS Tee es deel Beebe eek ie ot 2 gree 
1893);.»\.. D641. Le eee ha Ee ek eZ heh WB 2S. 
1) tate ka ee, a lak Wea cos Sk Gg ae re Og 
2 OI a a ke a A OR ea ae 
ee I a CAS Ne bet 8 A Se ee aa 
Totals forthe Months,. . 4 Bit OMS: | U6 IB WO) POP ee @ LE Sih Sh #4 | 
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TABLE X.—continued. 


. @ 
Number of Records for each Month of each Year. s a 
Outer Stations— 2 = 8 
continued, Fe be 3 
; On 
tel! tlelelsl elele oles 
| 1889, DR a oe Dae ae -|1 8 
1990; 6. Py pe Beal) = fed) eral aa al Sar a 
18085 Le ST eer a) va, i a ae ee 12 
VIII. 1892, . Aa ea a Var Wee liad fee ae te ee ANT elle ieee | bite 
GOB, 5 Bey er a ar ea ee 
1894, Sil Sn a £ ee heel 4 
1895, — 1 Bal | A Bi ee el a), eh perth eee 
Totaléfor the Months, .--.. | 7 )IU) 38 1-7 \-3Py 5 16 | 4) Gol ee 77 
. lye A 
1889, 
1890, 
1891, 
IX. 1892, 
| 1893, 
1894, 
1895, 
| Totals for the Months, . 


This Table shows that the total number of records of Sagitta for the six 
selected stations, and for the seven years, is four hundred and five, being 
somewhat fewer than the number of records of Calanus, but considerably 
in excess of the number of records of any other of the species that have 
been referred to. In making an analysis of the Table, it is found that 
while there is a considerable difference between the number of records for 
Station IV. and that for Station VIII., if the three inner stations and 
the three outer stations be considered separately, the difference in the 
numbers of each group is much less, These points will be made more 


evident by arranging the stations and the number of records for each as a 
formula, thus :— 


Formula (1) shows the number of records of Sagitta for each of the 
six selected stations :— 


The Three Inner '[he Three Outer 
Stations. — Stations. 
Numbers.of Stations, = - - - - Ly TI. IV. Wie ViTT, IX. 
Number of Records for each Station, - 66 58 56 74 77 74 


The numbers for the three outer stations are nearly equal, but Station I. 
in the other three shows a greater divergence. It may also be noticed that 
Station I. and Station VIII., that have the highest number of records in 
each of the two- groups, are intermediate stations—that is, Station I. is 
situated between Stations IIJ. and IV., and Station VIII. between 
Stations V. aud TX. Moreover, if a comparison be made of the total 
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number of the records for each of the twelve months, it will be observed 
that those for February and December are considerably g greater than the 
numbers for the other months; but if the numbers are separated into two 
groups to correspond with the 1 inner and outer stations, the difference in 
the numbers for each of the twelve months for the three inner stations is 
increased, while the difference becomes less in the other group of numbers. 
This is best seen by arranging the numbers as a formula. 

Formula (2) shows the ‘total number of records of Say gitta for each of 
the twelve months, for (a) the inner stations, I, IIL, and [V.; (0) the 
outer stations, V., Vv IIT., and IX. ; and (c) for all the six stations :— 


Names of the Months, . - - - 4g ey es e bm A ow Be ee 
Sees Ss 2 Sapo eae 

((a) the Three Inner Stations, 19 30101615 7 911 61419 24 

Total number of | (5) the Three Outer Stations, 18 30 10 18 21 17 19 17 15 20 17 26 


Records for each 4 BE Ot oor oes te 
Month, for  ((c) all the Six Stations,  - 37 60 20 34 36 24 28 28 21 34 36 50 


— 


There is one point very clearly brought out in connection with the dis- 
tribution of the Sagitta—viz., that, whether a comparison be made of the 
monthly numbers of records for each station or for the three inner and 
three outer stations or for them all, the numbers for February and most 
of those for December are greater than the others. This would seem to 
indicate that Sagitta was usually more common during these months than 
at other times of the year. 

It will be further observed that the highest total number of yearly 
records, viz. 79, is that for 1892, and the smallest, 31, for 1894, and that 
if the yearly records be divided into two sets to correspond with the three 
inner and the three outer stations, the results, as regards the highest and 
lowest numbers, are somewhat different. In this arrangement of the 
figures the highest number for the three inner stations is that for 1893, 
and the lowest that for 1889, while the maximum and minimum numbers 
for the outer stations are for the same years as in the former arrangement. 
Formula (3) will show these results more clearly. 

Formula (3) shows the total number of records of Sagitta for all the 
seven years ; for (a) the inner stations, I., III., and IV. ; (0) the outer 
stations, V., VIII., and IX.; and (c) for all the six stations :— 


Numbers of the Years, - - - : 1889. 1890. 1891. 1892. 1893. 1894. 1895. 


"aytne biner Stations,” (13°; 26 34 §°338° 36 I8 ~.20 


Total number of | (4) the Outer Stations, 24 33. 40 48 42 13 25 


Records for each” a. a am ke eZ a 
Year, for. _{ (¢) all’ the Bix Stations, 37 59° 74 81 78 81 45 


It would thus appear that Sagitta, like the majority of the other 
pelagic organisms of which there are records, are usually of more frequent 
occurrence in the Firth of Forth and its vicinity during the colder months, 
and that they were more numerous during 1891, 1892, and 1893 than 
during the other years. These again coincide with the yearly maxima for 
Parathemisto, and may be the result of a larger migration during these 
years, as was probably the case with Parathemisto, or to circumstances 
favouring a greater local increase; for though the difference in the 
number of the yearly records may be partly accounted for by the greater 
or fewer number of experiments, this does not explain the whole of it. 
Unfortunately the experiments were not carried on long enough nor so 
regularly as to indicate whether the difference shown is due to the actual 
increase or decrease of these organisms, and whether it was temporary and 
accidental or part of a more or less regular cycle of changes in their 
migration or development. 
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(4.) THe Ca@LENTERATA. 
THE CTENOPHORA AND HYDROMEDUSZ. 


The next groups of organisms that are numerically important and 
which may be specially noticed are the Ctenophora and Hydromeduse. 
These include the well-known and beautiful Pleurobrachia, which some- 
times occurs in such immense numbers that they seem to monopolise the 
whole of the water-space where they are. The swarms of these things 
that are sometimes met in with by the Garland are so great that the 
tow-nets, if unfortunately in use at the time, are found, when hauled on 
board, to be literally full of these crystal spheres, while little of anything 
else is found in the nets. The appearance of such a mass of Plewro- 
brachia—each globe, by the rapid movement of its delicate cilia, scintil- 
lating in the light—is wonderful, and cannot be accurately described. 
Beroé is another of the Ceelenterates that was sometimes met with in con- 
siderable numbers, but not usually in such immense swarms as Pleuro- 
brachia. Various other forms, such as Sarsia, Geryonopsis, Thaumantias, 
&e., were also observed during the years referred to, but from want of 
time no-attempt was made to differentiate the species, and they are there- 
fore usually all included under the name of Ctenophora: on a few occa- 
sions only are Plewrobrachie and a few of the others specially mentioned. 
There are two hundred and ninety-six records of Ctenophora, including 
Hydromeduse, among the lists of tow-net gatherings for the seven years, 
and their distribution for the months and stations is shown by the 
annexed Table :— 


TABLE XI., showing the Distribution of the Ctenophora and Hydromeduse, 
indicated by the Tow-net Records for the Years, Months, and 


Stations. 
2. 
Number of the Records for each Month of each Year. [3 = 
4 
~ 
Three Inner Stations. Years. S 5 
ae 
. A> 63 
iS) 
1889, . 2 72 
1890, . -|- 
IERT ES ee 1 1 
I. 1892 ”*, 1 2 
1893, . 2 1 
1894, . |e 
aSobe we - i} 
ghee tt OOS OP Finely ane at |e Ee ea 
Total number of Records for all 6 9 
the Months, 


1889, 1) 29S ae) ie | 2 | 2. | ene ee 
1890, — |) ee ee Oo fd ln glen eee 

1891, Lois isyh stedided 4.) a qa Ave Cesta ia 

ul. 1892) sri je eed yr) 2 pee 
1893, oe) ere a) ag ae ee 

1894, cs PS a) Wear Me Ma ng er me ay Ne Ue Ma 

2] 6 


——— — ef | | | | Ll | LT | ff 


Total number of Records for all 
the Months, 


of the Fishery Board for Scotland. 195 


TABLE XI.—continued. 


1 Number of the Records for each Month of each Year. a 
' ° 
1. Inner Stations— = 
continued. Years. 2) 
ee ; ‘| 
: - Sia y=! : oO SS * | 43 os 
Be ie hee | ect | ee ae | ee 
J Sie lela) /S/5/ 4] 2 
1889, ace West RSH OOP Oe) = 
1890, SAieele ier Pe Pate git ee By om 
Lepr eset pe Erie — foe le) a eS nl 
IV. 1892, eels eerie tak ek roe, Sh 
1893, SIG ae hts lie (EEN cot) 8 
Paste eae Net ihe oh ce leree py 
1895, et rea le ee ea ee 
7 Total number of Records for all 
the Months, \ oe Tk esa ec ee Ae la Elle 9 pe 
e 
> . 
7 g 
} Number of the Records for each Month of each Year. fy wi 
h [<> ie) 
q 5 ier 
Three Outer Stations. Years. e's 
i ko 2 
Sd eee a ga Ne ; 23 
et ee ele Se Neon ch ore Nie | ee lees | bee) ey Lagos 
t Ss a} s = 3 =) fe) 3) 
} Solel | Se Sh ieee tel alee LO} a.| Gif 
TSO ve a. ly ee ies “ Dobe tre select Tela 
1890, - 1 - -|1 - | 2 = A eat) 1 1 - 7 
1891, Sina liiees | lS ule ee see MET tee fe 
. V. 1892, ag ae ala ad ae 
1893, fe tale i 
1894, ee 3 
|! 1895, Api tthe= = 
i 
Total number of Records for all erie tt 
the Months, 
LS RE SF 
ESSD. otauedl le eee 
19905 oo, St a = 
HSORY ac) tay eps 
| 
VIII. 2 (2 il Ne Ne eae 
eoeet it ws 
SCE a a om 
ce 2 a oe rs 


the Months, 


Total number of Records for all ae 1 
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TABLE X1.—continued. 


| Number of the Records for each Month of each Year. 


Outer Stations— wn 1 2et TAS 
continued. Years. | / 


Totals for the Years 
and Stations 


1890, 
1891, 


1X: 1892, 
1893, 
1894, 


| | | i eee I | April. 
| May 


Late “ho. GEST | | June. 


1895, 


a 
Lar) 
1890, > "a 
1 
2 


no : ay ja 3 | i \ | Feb. 
| | | i | | | | | | March. 


eo |i 1 = © 4 1 w& | July. 
of ry a eee |, Sept 


Total number of Records for all 
the Months, 


oS ee ee 


on | | (Siete TRS OL j Oct. 


In 1889 small Coelenterates were abundant in a bottom tow-net gather- 
ing collected at Station IV. in July. In 1890 they were abundant in a 
surface tow-net gathering at the same station in May. In 1891 they were 
abundant in a bottom tow-net gathering collected at Station I. in July, 
and at Station IX. in June; and they were also abundant in a surface 
tow-net gathering at Station IX. in October. Ccelenterates were 
frequently obtained in 1892, but in none of the records for the selected 
stations are they described as abundant. In 1893 they were abundant in 


a bottom tow-net gathering at Station I. in August, and also at Station — 


IV. in the same month, but at the latter station they were abundant in 
the surface as well as in the bottom tow-net ; in the same year they were 
also abundant in a surface tow-net gathering at Station V.in May. In 
1894 Coelenterata were abundant in bottom tow-net gatherings collected 
in June at Stations III. and IV., while in August 1895 they were 
abundant in. a surface gathering at Station III., and in a bottom gather- 
ing at Station IV. 

From an examination of the annexed Table showing the general distri- 
bution of Ctenophora and Hydromeduse, it will be observed that there is 
a somewhat curious contrast between their distribution and that of 
Sagitta. Qn comparing the total number of the records of Coelenterata 
and Sagittw for each of the three inner and outer stations, it is found that 
while in the case of Sagitta the larger numbers are those of the outer 
stations, it is just the reverse with the Coelenterates, the largest numbers 
being those of the inner stations. This contrast is better seen by arrang- 
ing the numbers of the records of Sagitta and Ctenophora for each of the 
stations, in juxtaposition as a formula, thus :— 

Formula (1) shows the total number of records of Ccelenterata for 
all the six stations, to which the numbers of the records of Sagitta are 

added for comparison :— - sel i 


oe Siations: Outer Stations. 
Numbers of the Stations,  - : Ao Gap I Ve UNIT ae 
Number of Records for each Station (Ctslenterates 62 66 53 44 34 37 
Number of Records for each Station (Sagitta) - 66 58 56 74 77 74 


It would thus appear that while Sagitta was comparatively scarce at 


0 
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the inner stations, Coelenterata were more numerous. This difference 
does not seem to be merely accidental; it is too general and persistent 
for that being the case, and is possibly due rather to a difference in the 
habits of the two kinds of organisms, but the reason, whatever it is, does 
not appear to be very obvious. An examination of the total numbers of 
the monthly records of Coelenterata for each station, as well as for all the 
six stations, shows one or two other points of difference between the 
distribution of these organisms and that of Sagitta. In the case of these 
Ceelenterates the lowest numbers of records for any of the six stations are 
those for March and April, whereas, in the case of Sagitta, the lowest 
numbers are, with one exception, those for June and July. It will be 
further observed that, if the numbers of the monthly records are separated 
to correspond with the inner and the outer stations, ten of the monthly 
numbers for the inner stations are greater, and some of them considerably 
greater, than the corresponding numbers for the outer stations, while one 
of the other two numbers is equal to, and the second only slightly less 
than, the numbers for the same months for the outer stations, which 
emphasises still further the difference in the distribution of these 
Ceelenterates between the inner and outer stations. ‘This is more clearly 
shown by the Formula (2). 

Formula (2) shows the total number of records of Ctenophora and 
Hydromeduse for each of the twelve months, for (a) the inner stations, 
I., ILL, and IV.; (0) the outer stations, V., VIII., and IX. ; and (c) for 
all the six stations :— 


Names of the Months, - q 2 He Behe Eke Sg nas ole 
es tes OS pao. 

(a) the Inner Stations, - - 1818 38 4101619 24 8 21 20 20 

fr cece angi ig the Outer Stations, - - 810 2 1 91615121014 8 10 
Month, for _{(¢) all the Six Stations,- - 2628 5 519 32 34 36 18 35 28 30 


That Celenterates were more numerous at the inner than at the outer 
stations is still further shown by separating the yearly total numbers so 
as to correspond with the two groups of stations as in Formula (3). 


Formula (3) shows the total number of records of Ctenophora ana 
Hydromedusz for each of the seven years, for (a) the inner stations, [., 
II., and IV.; (0) the outer stations, V., VIII., and [X.; and (c) for all! 
the six stations :— 


Numbers of the Years, — - - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 


Watalaumber of {@ the Inner Stations, 26 29 21 34 39 LS 17 


Records for each 
Year, for 


(6) the Outer Stations, 18 13 15 32 an 8 8 


(c) all the Six Stations, 44 42 36 66 60 23 25 


This formula shows that the number of yearly records forthe outer 
stations is considerably lower for every year except 1892, when the 
respective numbers more nearly approximate. The highest number for 
the inner stations is that for 1893, and for the outer stations the highest 
number is that for 1892, while the lowest numbers for both are in 1894 
and 1895. 


(5.) LarvaL anp YounG CRUSTACEA. 


The next group of organisms described in the tow-net records which 
are of numerical importance are the young of various species of Crustacea 
belonging to the Decapoda, Schizopoda, and Cirripedia. Young and 
larval Crustacea are generally more or less frequent during the summer 
months, and sometimes they occur in great abundance, and because of 
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this, and also because of their nutritive qualities, they form one of the 


most important constituents of fish-food existing in the sea; this remark 


applies, of course, to young Entomostracans as well as to the other 
orders of this great class of invertebrata. The minute nauplei, the larger 
megalops, and other stages of crustacean growth, along with embryo 
mollusca, form, no doubt, the principal food of young fishes of all kinds. 
Mr H. Dannevig, in his paper* describing his experiments in the rearing 
of larval and post-larval plaice aud other flat fishes, gives some interest- 
ing observations bearing on the value of young Crustacea as fish food. 
The examination of the stomach of large numbers of young fishes at the 
Marine Laboratory of the Fishery Board for Scotland at Tarbert, Loch 
Fyne, during 1886-87, some of the results of which are published in 
the Board’s Fifth Annual Report, also show that the importance of 
young Crustacea as fish food has long been recognised, and, as a matter of 
fact, their importance in this respect cannot well be overstated. It is 
evident, therefore, that the study of the distribution of these miniature 
forms, and of the influences that govern their increase or decrease, as 
well as the investigation of their life-histories and development, are well 
within the scope of scientific fishery work. 

The records of miniature Crustacea included in the lists of tow-net fauna 
that form the basis of this paper refer chiefly to the young of various 
species of the Decapoda. Among the more common of the larval 
Decapoda included in the tow-net gatherings are those of Portunus (or 
swimming crabs), of Porcellana longicornis, of the Eupaguride (or soldier 
or hermit crabs), and of Nephrops norvegicus (the ‘‘ Norway lobster”). 
The young of Galathea (or what some fishermen call the “ bastard 
lobster”) and of various shrimps, such as Crangon and Pandalus, which 
are at times more or less frequent, are also included among these records 
under the general name of young or larval Crustacea. Young Schizopoda, 
as such, are specially referred to in the lists only when they happen to be 
common or abundant; at other times they are included with the young 
Decapods. The larve and young of the Barnacle are more frequently 
recorded separately, but they also are sometimes included with the others, 
and the table of distribution comprises the records of all the three 
groups. The total number of records referring to young and larval 
Crustacea is about three hundred and forty, and an enumeration of them 
is contained in the annexed Table. This Table shows that in some 
respects the distribution of the immature Crustacea is somewhat similar 
to that of the Ceelenterata. If, for example, the total number of records 
of immature Crustacea for each of the three inner stations be compared 
with those for the three outer stations, they will be found on an average 
larger than the others, though this difference is not so marked as is the 
case with Ceelenterata. 

It will also be observed that the yearly maxima of records for the 
various stations are not so regular, and also that the larger of the monthly 
records occur during the summer months. 


* Fifteenth Annual Report of Fishery Board for Scotland. Part iii. Pp. 175-193. 
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TABLE XII., showing the Distribution of the Larval Crustacea (including 
Decapoda, Schizopoda, and Cirripedia), as indicated by the Tow- 
net Records for the Years, Months, and Stations :— 


Three Inner Stations. Vea: .) ————__— at: 


and Stations. 


Totals for the Years 


Feb 
March 


1889, 
1890, 
1891, 
i 1892, 
1893, 
1894, 


1895, 


Total number of Records for all the 
Months, 


1889, 
1890, 


1891, 
III. 1892, 


1893, 
1894, 


1895, 


Total number of Records for all the i 
Months, 


1889, 
1890, 
1891, 
IV. 1892, 
1893, 
1894, . 
1895, 


Total number of Records for all ae 
Months, 


[TaBLe. 


| 


| 
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TaBLeE XII.—continued. 


Three Outer Stations. 


Total number of Records for all the 


Months, 


VIII. 


Total number of Records for all the 


onths,- 


Total number of Records for all the 
Months, 


Number of the Records for each Month of each Year. 


Totals for the Years | 


and Stations. 


_ 
So | 


Years. i : 
; sul $ cE | pnt el | > 2 2 NaS A 
B)2)8)2/9/2/2 2/8/38) 2 
ees aes mee ere Ee a ee 
1889, = ap ey er 1 kl ee 
1890, 2 NEE gy 9 Teer 
1891, eames Baie ahs webs om 
1892, =: Uohenc bi pe P Sieg hp la sel en iia le Nati 
1893, = fossil ufone feared) GL aah Aid Ora 
1894, oly Hg A aL ee 
1895, a ae, ee ee Hh Be eee aR ae 
\ ~p=} 2 )s4e8.) 4 | 6l10| 9] 416 
| Hedi 7 | th bod Ae Yt (ee ee 
1890, a a De ae ae a BE a ar 
1891, i ene es ee 
1892, Os ey are se ee Er RS eet Pe ert) 
1893, oi) ocle hee ates Gal apelin lene 
1894, 2) AL, igh | PEATE Ae Twa ee ee 
1895, ns | ee APA fe Oe eb Mea RE ag eh bee 

Month +f ead aeatl ea Nel csad cel | 

1889, . ef epee den) BR 9) eked’, ae 
1890, a a ine rs ry Wak Pe finn TY hi 
1891, Rat ace WR WK el Os Wg es 8) 2 
1892, | oe =| Ue) = biBoiee ace al a a 
1893, aig MPeehre ote er te 
1894, )-|-]}-; a} -Ja}-]a -|-]- 
1895, me leh Lad igs ig Pic | i tal eel ome 
a rm Up ck oe ee Ses ee ee et ee ee 
igike 11:64 S pabel ig Oby eae ae 


There is one na ie of the fabceie of the distribution of these young 
Crustaceans, as well as of that of the various other invertebrates touched 
upon in this paper, that it is well to keep in view in an inquiry of this 


kind. 


I refer to the individual frequency or abundance of these organ- 


isms at one time, or at different times, apart from the frequency or rarity 
of their recorded occurrences. 
the young Crustacea the maximum numbers of the yearly records are, speak- 


ing generally, those for 1891, 1892, 


In the Table showing the distribution of 


and 1893 ; while, on the other hand, 


if the individual frequency of the creatures be taken into account, the 


results brought out will be somewhat different. 


Crustacea are described as abundant in four of the records for 1890 


For example, young 
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—viz., twice for Station I. in July, and once for Stations V. and VIII. 
in September. They are described as abundant in four of the records for 
1891—-viz., once for Station VIII. in May, once for Stations IIT. and IX. 
in July, and once for Station I. in August. They are recorded as abun- 
dant three times in 1892—once for each of the three Stations V., VIIL., 
and IX. in September. Young Crustacea are described as abundant five 
times in 1893, once for Station I. and twice for Station III. in July, 
and also twice for Station V. in June. In 1894 there are over twenty 
records of young Crustacea, but in none are they described as abundant 
unless the three April records of young Lalani (for Stations I., III., and 
IV.) be counted. On the contrary, in.1895 young Crustacea are described 
as abundant no fewer than twelve times, once at each of the three outer 
stations (V., VIII., and [X.) in April, once at Stations III. and V. in 
August, once at Stations I., IIL, and VIII. in September, and once at 
Stations Ty, SL, aoe rv. in October—thus indicating that, notwithstand- 
ing the difference in the number of records when compared with those 
for 1891, 1892, or 1893, young Crustacea were locally more plentiful in 
the estuary and its vicinity in 1895 than during the other three years 
referred to. 

The number of separate records of young Schizopoda is thirty-two for 
the seven years, and their distribution is indicated by the following three 
formule :— 


Formula (1) shows the total number of records of Schizopoda for each 
of the stations :— 


Number of the Stations, e s 2 ee UE, ty “SEV; We LE aX. 
Total number of Records for each Station, - 2 12 ‘4 0 3 é 6 


Formula (2) shows the total number of records of Schizopoda for each 
of the twelve months :— 


Names of the Months, : : - - og el ere fe tw 2) sels 
s a, 3 5 

cl - a = Co) = 2 las 

Total number of Records for each Month, - ON SG a oie, Al -a) oe Ay SE 


Formula (3) shows the total number of records of Schizopoda for each 
of the seven years : — 


Numbers of the Years, - - - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
‘Total number of Records for Biel Year, - 5 16 6 i 4 0 0 


The separate records of young Balani number fifty-eight. These larval 
Crustaceans are described as abundant in 1891 at Station I. in April, and 
in 1892 at Station III. in April. In 1893 they appear to have been 
plentiful at the inner stations, and are described as abundant in a surface 
tow-net gathering at Station I. in April, in the bottom tow-net at 
Station III. in June, and in a surface tow-net gathering at Station IV. in 
April. In 1894 young Balant are described as abundant in the bottom 
tow-net gatherings collected at Stations 1., III, and IV. in April. In all 
the other records of these immature Crustaceans they are either described 
Fs common or few. Their distribution is indicated by the following three 

ormule :— 


Formula (1) shows the total uumber of records of young Balani for 
each of the six stations :— 


Numbers of the Stations, - - . | Eig ss reamed Bt ee beds kone 
Total number of Records for énch Station, - - a ER OL 3 8 6 


This formula shows that young Balani were, as might be expected, more 
numerous at the three inner stations, and that the highest uumber of 
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records of these three stations is that for Station IV. This difference in 
the numbers of the records of these young forms is satisfactorily explained 
by the fact that the greater number of the Barnacle tribe, in our seas at 
least, are to be found attached to rocks, stones, and other objects inshore, 
and that there the young are usually to be found. 


Formula (2) shows the total number of records of young Balani for 
each of the twelve months for all of the six stations :-— 


Names of the Months, Dg Re da & eo See bes Bam 
; Seeqdaesgse2e86248 
Total number of Records for each Month, - - 0 0 1271410 4200 0:0 


It is evident from the numbers in this formula that the Balan hatch 
out principally in April, and that after April there is a rapid diminution 
in the production of larval forms, after which a more or less complete 
cessation takes place, there being not a single record for all the six 
months from September to February. 


Formula (3) shows the total number of records of young Balani for 
each of the seven years for all the six stations :— 


Numbers of the Years, - - -  - 1889. 1890. 1891. 1892. 1893. 1894. 1895. 
Total number of Records for each Year, - 4 9 20 a it 5 2 


The number of records for 1891 is greatly in excess of that for any of 
the other seven years, but'the reason for this marked difference does 
not seem to be very clear 

But the records of young Schizopoda and Balanz form a comparatively 
small part of the whole number. The largest proportion of the three 
hundred and forty records of young and larval Crustacea are those of 
various species of Decapods, as has already been stated. But resuming 
consideration of the young Crustacea, we find by an examination of the 
general Table of Distribution that with one exception there are no records 
for January and February in all the seven years and for all the stations. 
After this a sudden increase is observed over all the stations, so much so 
that in regard to two of the stations the maximum of records is reached 
in April. From this time the number decreases somewhat till August, 
when a marked extension occurs over all the stations, the number after- 
ward gradually diminishing till November. In December there is a 
somewhat sudden drop to one or two records, or, in the case of two of the 
stations, to none atall. This sudden increase and subsequent continuance 
of the moderately high numbers of the monthly records till November is 
an indication that in March and April an extensive and more or less simul- 
taneous hatching of Crustacean ova takes place, and that it continues 
more or less all through the summer and autumn and on till about the 
end of the year. Of course it is not suggested that it is the same species 
that produces these young forms all the year through, but that the ova 
of different species hatch out at different seasons and thus keep up the 
supply of larval and young forms. The subjoined formule, prepared from 
the numbers in the Table of Distribution, show more clearly by the 
arrangement of the numbers in this way some of the special features 
referred to in the distribution of the young and larval Crustacea. 


Formula (1) shows the total number of the records of young Crus- 
tacea for each of the six stations, which are divided into inner and outer 
stations :— 

Inner Stations. Outer Stations. 


Number of the Stations, - : gai, i aga Ven. Wilda ees 
Total number of Records for each ‘Station; - 70 4660-~—s«55 56 ©6649 50 
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This formula shows that Station I. has a higher number of records than 
any others, and that the total number of records for the three outer 
stations is 155, while the total number for the three inner stations is 185, 
or fully 16 per cent. more than the outer. 


Formula (2) shows the total number of records of young Crustacea for 
each of the twelve months, for (a) the three inner stations, I., III., and 
IV.; (0) the three outer stations, V., VIII., and IX.; and ‘(c) ‘for all the 


$1X stato — 


Names of the Months, aa & eS Pe bm bee Fs 
Pesan aa oa eo me 

: (a) the Inner Stations, - 0 1. 4 29 22 14 27 30 16 26 14 2 
Pa . the Outer Stations, - 0 0 2 20 231217 29251310 4 
Month, for —{(¢) all the Six Stations. - 0 1 6 49 45 26 44 59 41 39 24 6 


Formula (3) shows the total number of the records of young Crustacea 
for each of the seven years, for (a) the inner stations, I., III, and IV.; 
(5) the outer stations, V., VIII, and IX.; and (c) for all the six 
stations :— 


Numbers of the Years, -  - . - - 1889. 1890. 1891. 1892. 1893. 1894. 1895, 


atal wumber of +s the Inner Stations, 19 32 33 33 33 ahi 24 


Records for each 
Year, for 


(b) the Outer Stations, 17 28 31 22 26 9 22 
(c) all the Six Stations, 36 60 64 55 59 20 46 


But besides young and larval Crustacea there are other immature forms 
mentioned in the lists of tow-net gatherings, and among them are occa- 
sional records of embryo and young Mollusca (including Gasteropoda, 
Lamellibranchiata, and Cephalopoda), young and larval Annelides, as well 
as plutei and other immature stages of star-fishes. 

Infusoria and microscopic alge are also described as being occasionally 
in greater or less abundance, but the records of these forms are few in 
number. 

There are occasional records of larval and post-larval fishes among the 
lists of tow-net gatherings, but they also are comparatively few. 


(6.) Prnacic Fiso Ova. 


There are a considerable number of records of pelagic fish ova among 
the published lists of tow-net gatherings collected during the seven years. 
These records, which for the sake of clearness are arranged in tabular form 
similar to the other Tables, show that the total numbers for the inner and 
outer stations are in inverse ratio to the records of young Crustacea for 
the same stations, and this difference may probably be accounted for by 
the outer stations being nearer to the more important spawning grounds 
situated in the vicinity of the estuary. 


(TABLE, 


} 
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TaBLE XIII., showing the Distribution of Fish Ova, as indicated by the 
Tow-net Records for the Years, Months, and Stations. 


Number of the Records for each Month of each Year. 


Three Inner Stations. Years. | 


Totals for the Years 
and Stations. 


1889, . 
1890, 
10”. 
i; 1892, . 
1893, 
1894, 


| 
ll lool sv) Ud oO bo _ 


1895, 


&p _ 
a | & 
<q |n 


Total number of Records for all 
the Months, 


1889, . Eat) ep) elena | t || Rae) eR || ee IP See ell | pe 


TaQ0, 9) == =iie Sits] LY 25) Peele = ere ed ee ee ae 


TSO15 ss -}—-|]-|]- 1 i 1 1 |e ee 


II. 1807. aol eeadoee its de delen ate eal t= aoe thee 


1 
4 
2 
1803, .)0f te) i= Sa = ee eye = a Ea | See 
1894, . | =--| - | -| 2} ==) =] =] =] =|] -)= 8 2 
i 


18050) Ter Whe er) Le ae Pe ee ge ee 


Total number of Records for all rn 3 9 
the Months, | 


PBBO irk yl ete (es 
ASBBy visa! Soe) 
TO eras ety ee 
IV. Tee tail BA ee 
eS ya ein fies 


PROM Ses pele 
1RGe Oye. ee 


Total number of Records for all 
the Months, 


[ TABLE. 
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TaBLE XIII.—continued. 


iS 
{Number of the Records for each Month of each Year. S ai 
Three Outer Stations. Years. by = 
A ane Are ae 
1889, . SEA ¢— Mall ona] | ewe) Ey a ee ee Rem Pe eG 
Pigg wate Soke ee | eat | Ae ake 
ISL, .. = 9) SES P'S le RS es Se Se Se | -|- 
ag 1892, >. cet MP aD le ee Bae eee de, ae se 
UCU RS Fae SS a ee |S f= ee 
1894, . Se SEE Pe | pee Mts ete ce Nie ee Tied 
1895, . (Sea Pa ey ey rh el ee 
Total number of Records for all aes 
the Months, 
ON a EE Se EO eS ee ee ee ee ee 
1889, 
1890, 
1891, 
VIII. 1892, 
1893, 
1894, 
1895, 
Total number of Records for all 
the Months, 
Pearle wie=) Westie mito recline | feel) eee d| ek Baba 
1690,!" "= Aare mas iialen | Rey He eA Oe: PR eRe He eager 
T8026 5 eee Meld bards Weil a Me We hk. ate eh oe an Bs 
IX. 1892,),.¢. Ta teats fer Wh hel erie eh Lael Liga yl deh ay de cal dle 
1893, |. ete ees | eS eee has Aieetybecse)) et) lt op Ro 
ROSE EGC Nay OREN Ey 1 TIER | PLL Pg TER ae 2 ie og 
1895, . pa (sae RE (aro (08 is PN et Pea A a ace ec cae) ee 
Total ane oe i for all 3 /tpiale qe eecliew: Weed 3 | PO ee er te aye E 


It will be seen by a glance at the annexed Table that while the number 
of records of fish ova for Stations I., III., and IV. are 16, 11, and 14 
respectively, those for the outer stations, V., VIII., and IX., are 22, 21, 
and 26. Moreover, it may be stated in connection with this difference 
between the inner and outer stations, and as tending to emphasise it, that 
the inner stations were examined a greater number of times than the outer 
stations, owing to the outer stations being more exposed, and therefore less 
easily examined during bad weather. 
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Formula (1) shows the number of records of pelagic fish ova for each 
of the six stations, thus :-— 


(a) Inner Stations. (6) Outer Stations. 
Numbers of the Stations, - - 1 Li. FV V. VIIl. IX 
Total number of Records for each Station, 16 1l 14 22 21 26 


This formula exhibits a marked difference between the number of 
records for the inner and outer stations, those for the outer stations being 
considerably larger. The total numbers for each of the two groups of 
stations are 41 and 69 respectively, showing a difference of 28 in favour 
of the outer stations, which is equal to nearly 41 per cent.—a difference 
which, as already stated, is doubtless owing to the outer stations being 
nearer the more important spawning-grounds. 

Formula (2) shows the total number of records of pelagic fish ova for 
each ot the twelve months, for (a) the inner stations, I., IIL, and 
IV.; (0) the outer stations, V., VIII., and IX.; and (c) for all the six 
stations :— 


Names of the Months, on Pen ee e Reem ea BS 
oie fee > 5 son con 

(a) the Inner Stations, - 0 0 02114 9330100 

igs © the Outer Stations, - 2 6 61318 8770101 
Month, for | (¢) all the Six Station, - 2 6 62432171010 0 2 0 1 


The monthly maxima of the records of pelagic fish ova, as might be 
expected, are to be found in the early spring and summer months, those 
for April and May especially being considerably higher than for the other 
months. The arrangement of the numbers to correspond with the inner 
and outer stations brings out another contrast between them : for the 
inner stations there are no records of fish ova till April, nor are there any 
after October, but for the outer stations there are two records in January, 
six in February and in March, and one in December ; while with the 
exception of June the numbers for the five central months are consider- 
ably above those of the corresponding months for the inner stations. 
This seems to indicate that spawning outside begins at a comparatively 
early period of the year, and may continue more or less over all the 
months : inside the estuary, on the other hand, spawning is later in com- 
mencing, and rarely continues beyond the month of August. It is pro- 
bable that some of the ova collected at the inner stations may have 
drifted in or been carried in by currents from the outside, but it is also 
well known that there are a number of fishes, whose eggs float, that spawn 
within the estuary, so that the majority of the records for the inner 
stations are those of fishes that have really spawned there. 

The next Formula (3) shows the total number of records of pelagic 
fish ova for each of the seven years for (a) the inner stations, (b) the 
outer stations, and (c) for all the six stations :— 


1889. 1890, 1891. 1892. 1893. 1894. 1895, 


(a) the Inner Stations, ay ie @Oek Py lamer 
i a ae (P the Outer,Stations, 3, (8. 8 36518 8 a ae 
Xppr, er (c) all the Six Stations, - 5 15 30 2 18 11 12 


The largest number of records are those for 1891 and 1892. Another 
point in connection with the distribution of the pelagic fish ova, as shown 
by the published tow-net records, is the occurrence of them in several of 
the bottom tow-net gatherings. The records show that pelagic fish ova 
were found in bottom tow-net gatherings on eight different occasions, and 
it is noteworthy that on a few of these occasions no fish eggs were 
observed in the surface tow-net, This feature in the distribution of the 
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pelagic fish ova cannot be shown in the Table, but is clearly indicated in 
the chart showing the comparative frequency of fish ova during the 
varions months and years for all the stations. Pelagic fish ova were 
found in the bottom tow-net in 1889 at Station IV. in June ; in 1890 at 
Station IV. in April and May, and at Station V. in May ; in 1891 at 
Station I. in May, and in the same month at Station IV.; in 1892 at 
Station VIII. in May; and in 1894 at Station III. in April. In the 
records for all the seven years pelagic fish ova are three times described as 
abundant, and this only in 1894, when they are so described once for 
each of the three outer stations. 


(7.) EXPLANATION OF THE CHARTS (Puates IV. ro VII.). 


Before concluding this paper on the tow-net gatherings collected in the 
Firth of Forth in connection with the trawling investigations of the 
Fishery steamer Garland during the years 1889 to 1895, and pub- 
lished in the Annual Reports for these years, I desire to say a few words 
about the charts appended hereto, by way of explaining their contents. 
These charts are intended to supplement what has already been said con- 
cerning the distribution of a few of the organisms that are numerically or 
otherwise of greater importance than the others in their relation to 
fishery questions. The charts exhibit certain important features respect- 
ing the distribution of these organisms that could not be readily shown 
in the Tables, by indicating concisely and graphically the relative scarcity 
or abundance of these organisms as well as their distribution vertically 
and horizontally. The years and months are arranged in regular 
sequence along the top of each chart. Where the organisms are present 
in the tow-net gatherings they are indicated under four degrees of 
frequency, viz. :—(1) as abundant, represented by the contraction “ab.” ; 
(2) as common, represented by “com.”; (3) as frequent, represented by 
“‘ fr.”; and (4) as few or rare, represented by ‘‘f. or r.” ; if the organisms 
are altogether absent or are not referred to in the tow-net lists, this fact 
is indicated by the word “ none,” which is the last in the series, These 
abbreviations are used for each of the six stations, and are arranged along- 
side of them. The tow-net records for each month are represented by 
round dots; the dots are arranged to show whether the species referred to 
on the chart was abundant, common, frequent, few or rare, or absent in 
‘the gathering represented. Moreover, these dots are joined together by 
thick or thin lines: the thick lines show that the records are for bottom 
tow-net gatherings, and the thin lines for surface tow-net gatherings. 
When the distribution of two organisms or groups of organisms are repre- 
sented separately on the same chart, they are distinguished from each other 
by using black and red lines. There is one other point in connection 
with the charts that requires to be explained. It has been stated that, 
for various reasons, the selected stations were not examined every month 
during the seven years, and that there are now and again omissions of the 
monthly records of tow-net fauna, either because no trawling was done, 
or if done that the usual lists of the cuntents of the tow-nets could not be 
prepared. The months when such omissions occurred are indicated on the 
charts by the thick and thin lines when crossing the column or columns 
under these months being discontinuous. 

The first chart (Plate IV.) illustrates the distribution of Culanus 
Jjinmarchicus and Temora longicornis. The first is shown by the black 
lines, the other by the red lines. 

The second chart (Plate V.). illustrates the distribution of Sagitta 
bipunctata and the Ceelenterata. Sagitta is represented by the black 
lines, and the Celenterata by the red lines. 

O 
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The third chart (Plate VI.) illustrates the distribution of the larval 
and young Decapod Crustacea (including the Schizopoda) and that of the 
larval and young Balani. The Balani are represented by the red lines, 
the others by the black lines. 

The fourth chart (Plate VII.) shows the distribution of the pelagic fish 
ova so far as that is indicated by a study of the tow-net records for the 
seven years. 

The following list contains the names ofall the species of Mollusca and. 
Crustacea referred to in the preceding notes, and of Sagitta and. 
Tomopteris, and the stations where each was obtained :— 


[(8.) List. 
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(8.) LIST or tot SPECIES or MOLLUSCA anp CRUSTACEA REFERRED TO IN THE 
‘PRECEDING NoreEs, AND SHOWING THE STATIONS WHERE THEY WERE OBTAINED. 


Stations. 
Names of the Species. hs. = rae sa a Remarks. 
g\s/8)8/8\8 
~ 2) aS) aS) _p ~ 
S|s|s|s/8/3 
RM | elm we | wm | w 
MOLLUSCA. 
NUDIBRANCHIATA. 
Doris sp. (? repanda, A & H.), - - x 1890, in November. 
Doto coronata, Gm., - . - - x 1890, in December. 
Eolis sp. (1), - - - - - x 1891, in April. 
Holis sp. (2), - - - - 4 |)'x 1895, in May. 
LAMELLIBRANCHIATA. 
| | Cuspidaria cuspidata (Olivi), -  - x | 1898, in April. 
PTEROPODA. 
| Limacina retroversa (Flem.), — - tie Xe | 356 36 x | Not uncommon. 
Clione borealis (Brug.), —- - = % x 1889, Jan.; 1893, Dec. 
CRUSTACEA. 
DECAPODA. 
Macropodia rostrata (Lin.), - - % 1890 & ’91, Oct. & Aug. 
Crangon allmanni (Kin.), - 5 Xe Lex foe | x | Brequent. 
Lgeon fasciatus, Risso, - - - oe 1891, in September. 
Cheraphilus nanus (Kroyer), — - ENA KOE Se Not very rare. 
| Hippolyte varians, Leach, - - - x 1890, December. 
Hippolyte fascigera, Gosse, - : x 1894 & ’95, Jan., Feb. 
| Spurontocaris pusiola (Kroyer), - - * 1895, February. 
| Pandalus montagui, Leach, - ERIS cin Cab Melee Not rare in tow-nets. 
| Pandalus brevirostris, Rathke, - - x % 1881, March, Sept. 
SCHIZOPODA. 
Boreophausia raschii (M. Sars), - OX AX ee) ee Xt, |) x Mod. com... 1689-90; 
Thysanoessa neglecta (Kr.), - Silas x) Dox | X- | X= x-1, Mod., com, L8Ob-92, 
Siriella jaltensis, Czern., - - - x 1893, March. 
Siriella armata (M‘Edw.), - - - x 1892, March. 
| Gastrosaccus spinifer (Goes.), — - = es AS x | x | x | Not uncommon. 
Heteromysis formosa, S. L. Smith, -| x x 1894-95, Aug., Feb. 
Erythrops goesii, G. O. Sars, —- ROX AN x | x | x | Frequent. 
aed didelphys (Norm.), - EN oa 1890-91, March. 
| Mysidopsis gibbosa, G. O. Sars, - SP yl x ase XK x | Not uncommon. 
Mysidopsis angusta, G. O. Sars, - =O 1891, March. 
| Leptomysis gracilis, G. O. Sars, - = Pal ex x 1890-91, Oct.-Dec. 
| Leptomysis lingoura, G. O. Sars, - x 1892, March. 
| Hemimysis lamorne (Couch), - a oT Oe x | x | x j Not very rare. 
| Macropsis slabberi (Van Ben.), - seit OX ee SS x Locally frequent. 
| Praunus flecuosus (Miiller), - - a Locally frequent. 
| Praunus inermis (Rathke), . - x | xX | x | 1895, February. 
| Schastomysis spiritus, Norm., — - bah hei EN ine cial gs x | Not uncommon. 
| Schistomysis ornatus, G. O. Sars, Tul XS KALE PR ee | og Bregient. 
| Neomysis vulgaris (J. V. Thomp.),  - “4 Locally frequent. 
| CUMACEA. * 
if ; ’ : 
ee trispinosa (Goodsir), - -| x 1889-90, July, Feb. 
| umopsis goodsirt (V. Ben.), — - - bd 1891, September. 
| Leucon nasicus, Kroyer, - - x Use Not very rare. 
| Eudorella truncatula (Spence Bate), - | x Xe he Not very rare. 
| Diastylus rugosa, G. O. Sars,  - mex x Not very rare 
it ; . ry i 
| eee ay oan (V. Ben.), - aR SO 5 x | x | x | Frequent. 
i: an y 2 = SO : . + 
Peace Roce (hill), x | 1893, April; 1894, Aug. 
wets (G. O. Sars), —- x | 1893, April. 


- 
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Names of the Species. 


ISOPODA. 


Gnathia (?) maxillaris (M‘Edw.), 
Eurydice pulchra, Leach, - - 
Idothea baltica (Pallas), — - - 
Idothea emarginata (Fabr.), . 
Idothea linaris (Lin.) - - 
Janira maculosa, Leach, - . 


AMPHIPODA. 


Hyperia galba (Mont.), — - - 
Hyperoche taurvformis (Bate), 
Parathemisto oblivia (Kr.), - 
Euthemisto compressa (Goes), 
Callisoma crenata (Bate), - - 


Hippomedon denticulatus Sea 
Bathyporcia sp., - - 
Ampelisca sp., - = - - 
Stenothoé marina (Bate), - - 
Argissa hamatipes (Norm.), 
Metopa alderi, Bate, - - 
Periocalodes longimanus (Bate), - 
Iphimedia obesa (Rathke), - - 
Apherusa bispinosa (Bate), : 
A pherusa borealis (Boeck), - 
Paratylus swammerdami Sines A ), 
Dexamine sp., - 

Melphidi pella macera (N orm.), - 
Amathilla homari eer ), - - 
Gammarus sp., 


Gammaropsis er ydirophthatms, Lill}. - 


Dulichia sp., — - : 
Pariambus typicus (Kr. ), oe Z 


CLADOCERA. 


Evadne nordmanni, - - - 


Podon (?) polyphemoides, -  - 
COPEPODA. 


Calanus finmarchicus (Gun.), — - 
Pseudocalanus elongatus, Boeck, 
Temora longicornis (Miill.) 
Centropages hamatus, Lillj., 
Centropages typicus, Kr.,__- 
Metridia hibernica (B. &R. ; 
Candace pectinata, Bi men 
Acartia sp., - - 
Anomalocera patersoni (Temp. ),- 
Parapontella brevicornis (Lub.),?- 
Oithona (*) similis, Claus, - - 
Thalestris longimana, Claus, — - 
Thalestris pei oategps Brady, - 
Alteutha depressa (?) (Baird), _ - 
Dermatomyzon meet (B. & R. ), 
Monstrilla sp., - 

Caligus rapax (Miiller), - : 


ANELLIDA and MEDUSA. 


Pe ntaeee bipunctata,G. &G., — - 
teris oniscifrucis, Esch., - 
aed ta aurita, Lam., - - 
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VI.—NOTES ON SOME POINTS IN TELEOSTEAN DEVELOP- 
MENT. By H. Caas. Wriuuiamson, M.A., B.Sc. (Plates VIII. 
and IX.). 


The following observations were made while I held the Exhibition 
(1851) Scholarship of the University of St Andrews. The work was 
carried on at the Zoological Station, Naples, and at the Gatty Marine 
Laboratory, St Andrews. At Naples I was afforded the privilege of 
occupying the table of the British Association. 


THe ABSORPTION OF THE YOLK, AND THE PRIMITIVE CIRCULATION IN 
PELAGIC TELEOSTEAN Ova. 


The process of the absorption of the yolk in Teleostean ova is not one 
which has received much direct attention. In demersal eggs the absorp- 
tion of the yolk is mainly effected by means of an elaborate vitelline blood 
circulation, In pelagic ova, with one or two rare exceptions, no vitelline 
blood circulation exists. The study of the subject involves an examination 
almost solely of live eggs. 

I find that in those pelagic ova which I have been able to examine there 
is a distinct, though very much modified, vitelline circulation. The 
elements of this circulation are not, however, blood corpuscles but yolk 
corpuscles. I have noticed this circulation in the ova of the following 
twelve species, viz. :—Three species of the ova of Murcenidcee (Raffaele),* 
Merluccius vulgaris, Engraulis encrasicholus, Species No. 3 (Cory- 
pheena?) Raff.,* Gadus ceglefinus, Gadus merlangus, Pleuronectes ttalt- 
cus(?), Pleuronectes jflesus, Plewronectes limanda, Clupea  sprattus, 
Uranoscopus scaber. In the case of the last-named species, I refer to a 
stage previous to the appearance of the complete blood circulation. 

The corpuscles which form the elements of the circulation are simply 
little portions of periblast. ‘hey are clear, transparent bodies of varying 
size and shape. They are, for the most part, roughly spherical or oval 
in form, and show no distinct bounding wall. They are merely little 
naked portions of protoplasm. Before the heart is formed these corpuscles 
are to be seen scattered over the periblast. When the heart begins, at 
first slowly and feebly, to pulsate, the corpuscles begin to move over 
the periblast towards it. (The venous end of the heart opens into the 
interior of the yolk sac). - Once free from the periblast they enter the 
heart, and from it are pumped through the already formed vessels. These 
consist in, two lateral arteries (0.v., figs. 1 and 15)—the forerunners of the 
branchial veins—uniting to form the aorta, which runs posteriorly to a 
point a little short of the tip of the tail; and the caudal vein (c.v., fig. 7), 
which, arising near the tip of the tail, debouches into the posterior end 
of the yolk sac. 

At first the number of corpuscles entering the heart from the yolk sac 
is small, but, as development proceeds, the number increases gradually. 
The inner surface of the yolk sac is lined with a layer of periblast, and 
on it are to be seen numbers of corpuscles. In the embryo of the anchovy 
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the yolk corpuscles are very large ; they are round or oval, show no visible 
nucleus, and are almost twice as large as ordinary blood corpuscles ; they 
show a fairly distinct boundary, though not so well defined as that of a 
blood corpuscle. The yolk corpuscles in the egg of Species No. 3, 
Raffaele, are round or oval homogeneous refractive bodies ; some are pear- 
- shaped, with a fairly well drawn-out point, others are irregularly cubical. 

The corpuscles, when moving towards the heart (c., figs. 11 and 12), 
proceed either singly or in masses. Some move with a uniform slow 
motion, while others move in a jerky motion. The latter movement is 
especially seen as the corpuscles near the mouth of the heart; they then, 
with each pulsation of the heart, oscillate backwards and forwards in 
a sort of pendulum motion. The length of the recoil is always less 
than the anterior advance, and so the corpuscle ever gets nearer the heart, 
the velocity of its oscillations steadily increasing until it arrives at and 
enters the heart. They are then seen passing along the aorta to the tail, 
and immediately thereafter appear in the caudal vein, from which they 
pass into the yolk sac; they proceed over the ventral surface of the 
yolk and re-enter the heart. Some of the corpuscles pass directly from 
the posterior end of the yolk sac to the heart without stopping; others 
stick to the periblast and remain attached for longer or shorter intervals. 
On the posterior surface of the yolk, where the caudal vein enters the 
yolk sac, the periblast shows a well-marked furrow which has been worn 
in it by the circulating fluid. That there is some sort of circulating fluid 
present seems extremely probable, though its existence is not easily 
demonstrated. The first corpuscles then are formed in the periblast and 
pass into the heart with the circulating fluid. 

There is, however, a second method by which corpuscles are added to 
the circulation, and that is by a process of budding. Soon after the heart 
begins to pulsate processes are thrown out from the periblast covering the 
anterior end of the yolk. These processes have various forms: some are 
slender and pseudopodium-like, with finely drawn-out tips (p. and yp., 
figs. 2, 4, and 14), others have swollen apices (p., figs. 6 and 18). The 
club-shaped process represented in fig. 18, yp., arises from the thick layer 
of protoplasm surrounding the oil-globule. In the swollen head of the 
process there is a small refractive globule. This process sways to and 
fro with the pulsations of the heart. Little blunt papillee are also present | 
in the periblast. From the tips of these processes little corpuscles are 
budded off. The tip of a process slowly swells out into a little sphere, 
and when the latter attains a size at which the attraction of the heart 
overcomes the surface tension of the protoplasm it breaks off and moves 
towards the heart. This process of budding is extremely slow. In figs. 
5 and 5a a corpuscle (c.) is shown which has just been budded off from 
the papilla (p.). These pseudopodium-like processes are seen in all of the 
species mentioned above. The corpuscles which are budded off do not 
appear to differ from the primary corpuscles seen on the periblast. They 
are irregular in shape and form, and appear, in some cases at least, to 
have nuclei. ! 

In the ova of Murenide (Raffaele) the yolk sac is very large. The 
yolk is almost all absorbed before the larva hatches. As the yolk is 
absorbed the empty space in the yolk sac is filled up by an xsophageal 
pouch* (d.s., figs. 11, 12, and 14), This is a dilatation of the zsophagus 
which projects into the yolk sac. At first small, it increases steadily in 
size as the yolk decreases ; just before hatching it fills almost the whole of 
the yolk sac. This pouch thus lessens the area upon which the heart has 
to act, and therefore increases the efficiency of the heart in the work of 
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disintegrating the periblast. It probably also subserves a respiratory 
function. It almost completely disappears on hatching (0.s., fig. 3). 

The circulating corpuscles are used up at the growing parts, and very 
few return to the yolk sac until after hatching, when the yolk sac becomes 
simply a wide vessel conducting the corpuscles to the heart from the caudal 
vein. When the larva hatches there is not so great a demand made upon 
the yolk and the tissues, and there is, therefore, a copious supply of yolk 
corpuscles circulating in the vessels; this is especially well seen in the 
egos of Murenide. At hatching the vertebral vein (v.v., fig. 27) 
has appeared, and also the ductus Cuviert (d.c., figs. 3 and 27). Large 
numbers of corpuscles enter the sénws venosus (anterior portion of the yolk 
sac) (s.v., fig. 3) by the ductus Cuviert and from the posterior portion of 
the yolk sac. 

In an egg measuring ‘94 mm. diameter, and having an oil globule 
(posterior), a stream of small granules (gr.) resembling the nuclei in the 
periblast was seen passing from the caudal vein (c.v.) into the yolk sae 


. (fig. 7). 
CIRCULATORY SYSTEM. 


At the time of hatching, the system of vessels in which the yolk 
corpuscles circulate is as follows:—The heart opens by its venous end 
into the yolk sac. From the heart the corpuscle passes into the first aortie 
arch (a.a., fig. 1), whence it proceeds to the lateral artery (b.v., fig. 1)— 
the forerunner of the branchial vein. The two lateral arteries unite to 
form the dorsal aorta (d.a., figs. 1 and 15), by which the corpuscle is 
conducted to a point a little short of the extremity of the tail. It is 
brought anteriorly again by the caudal vein (c.v., fig. 25), which lies along 
the base of the anal marginal fin. The caudal vein crosses the rectum 
and debouches into the posterior end of the yolk sac (p.e., fig. 25). In 
the head the circulation, as far as was made out, is as follows :—From 
the lateral artery the corpuscle passes into the carotid artery (c.a.), and 
from the latter passes by the ocwlar artery (0.a.) to a lacuna (/.) round the 
lens of the eye (figs. 1 and 7). The continuation of the carotid 
anteriorly was not made out. From the lacuna round the lens the corp- 
uscle returns by the ocular vein (0.v., fig. 1) to the jugular vein ( j.v., figs. 1 
and 7), which may be single (fig. 7) or double (fig. 1). Where the jugular 
vein is single it divides into two branches (v.a. and a!., fig. 7), which 
Open, one on each side, into the yolk sac at a point ventral to the ear 
capsules. Where there are two jugular veins (fig. 1), they open, one on 
each side, into the yolk sac in the same region. 

The yolk sac acts simply as a large vessel. 

There is thus in the pelagic egg a circulatory system exactly homologous 
to the circulatory system in a demersal egg; the only difference is in the 
arrangement of the system in the yolk sac. In the pelagic egg the yolk 
sac is one large vessel ; in the demersal egg it is broken up into a network 
of vessels. 


Tue RESPIRATION OF THE TELEOSTEAN EMBRYO. 


A comparatively elaborate respiratory system is developed in the 
teleostean embrvo. The main organ of respiration in the embryo is the 
gut, or, more correctly, the delicate embryonic canal which is the forerunner 
of the gut proper. Where the term “gut” is used in this paper, this 
rudimentary gut is referred to. 
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The gut (g.) appears in the embryo of Trachinus vipera just after the 
closure of the blastopore, at which stage the cardiac swelling alone 
indicates the position of the future heart (fig. 23). It isa narrow tube 
with delicate walls ; its anterior end stops short of the pectoral region, and 
it extends posteriorly to the end of the tail. In its middle portion the 
gut widens considerably. Its hind extremity is somewhat obscured by 
the thick mass of loose tissue at the end of the tail, but it appears to open 
out in a funnel-shaped aperture. In the egg of Serranus hepatus, before 
the heart begins to pulsate, at a stage when the tail reaches a little beyond 
the yolk, the gut is not well defined and appears to have minute lateral 
branches. In the egg of the anchovy (Engraulis encrasicholus) also the 
spaces between the muscle segments resemble fine canals and appear to be 
connected with the gut. A communication by means of these canals 
between the gut and the subepiblastic space probably exists. In the egg 


of the anchovy when the blastopore closes there is no trace of the gut, 


There is a distinct longitudinal space lying below the neurochord, bounded 
laterally by the ventral halves of the muscle segments, and ventrally by 
the hypoblast (ns., fig. 22). This space appears to be filled with a homo- 
geneous fluid in which there is no trace of cells. In an egg measuring 
*94 mra. (and having an oil globule -19 mm. in diameter), in which the 
tail of the embryo was just appearing above the yolk, such a subnotochordal 
space was well seen. In the same egg, at a little later stage—but before 
the cardiac swelling had appeared—the gut was already formed. In the 
egg of Species No. 3 (Raffaele),* when the blastopore closes there is no 
trace of the gut. 

The next stage in the development of the gut is marked by the forward 


extension of the gut and the appearance of the two “ pre-opercular 


apertures” (p.o.a.), one on each side. The pre-opercular apertures open by 
funnel-shaped mouths to the perivitelline space ; from each aperture (p.0.a.) 
a canal runs to the middle line of the embryo and joins the anterior end 
of the gut (fig. 21); the apertures are situated immediately ventral to the 
ear capsules. The heart is not yet formed. The anterior portion of the 
gut is now ciliated (c., fig. 21). The cilia vibrate from before backwards, 
thus causirg a current to enter from the perivitelliue space by the pre- 
opercular apertures and to pass posteriorly along the gut. The fluid in 
the perivitelline space—which differs from sea water only in possessing 
certain miuute corpuscles—thus passes through the gut to find exit in the 
loose tissue of the tail. Outside each pre-opercular aperture there are 
the so-called ‘“‘ pectoral filaments”; these (p.f.) are simply finger-like 
grooves uniting at the mouth of the pre-opercular aperture (figs. 9, 21, 
and 20). <A few corpuscles are seen at the ends of the filaments. 

In the egg of Serranus hepatus, at the stage when the heart commences 
to pulsate, the gut has very irregular walls. The extremity of the tail 
has the appearance of being broken up into a number of canals. The gut 
is continued anteriorly as far as the front end of the notochord by a canal 
of the same width as itself. The cilia are vibrating actively in the 
zesophageal portion of the gut. In the egg of anchovy also, when the tail 
of the embryo projects a little beyond the yolk, an anterior continuation 
of the gut to the head exists. 

The cilia in the gut do not act continuously, but intermittently ; it is 
only at the moment when they are actively vibrating that it is possible to 
make them out. 


In the egg of Trachinus vipera, when the embryo is two-thirds de- 


veloped, an anterior continuation of the gut is seen. This anterior canal 


divides into two branches—one of which proceeds to a pore on the dorsal 
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surface of the head, while the second branch opens by a pore on the 
ventral surface of the same (fig. 24); this anterior prolongation of the gut 
is not present in all species. Thus, in the embryo of the hake (Merluccius 
vulgaris), when it is ready to hatch, the gut does not extend further forward 
than the level of the pre-opercular apertures. In no case was a connection 
between the gut and Kuppfer’s vesicle distinctly made out. 

In later embryonic stages it is very often difficult to see the ciliated 
portion of the gut (viz., in the pectoral region). This fact is due to the 
great development of tissue which goes on ventral.to the gut in that part. 
Thus, in an egg ‘9 mm. in diameter (probably belonging to the Mugil 
species), the gut shows a very distinct, though very delicate, limiting wall. 
At first sight the gut seems to end at the level of the junction of the 
two lateral arteries (branchial veins); but that fact is due to the thick 
plate of tissue lying ventral to and obscuring the esophageal portion of 
the gut. The esophageal ciliated portion could be made out with diffi- 
culty. In the embryo of the dab (Pleuronectes limanda) similarly the 
gut appeared to end short of the pectoral region. 

In other embryos—e.g., that of anchovy—the ciliated portion of the gut 
is not easily seen owing to the great translucency of the tissues; and so 
the ciliated portion of the gut is seen earlier in one species than in another, 
This is probably not due to the cilia actually appearing at a later stage in 
the latter. In the case of a very translucent embryo it is only in later 
development that the tissues attain a density sufficient to cause the cilia to 
become visible by contrast. 

In the embryo of the plaice, when two-thirds developed, the pectoral 
filaments have the appearance of a collection of large cells loosely packed 
together, with channels running from them (p,f., fig. 20); it is not 
improbable that these are cells of the epiblast of the yolk sac. In an 
embryo ready to hatch the pectoral filaments have a resemblance to 
fine reticulations somewhat similar to minute canals. Posterior to the 
pectoral region there are fine reticulations on the yolk alongside the 
embryo ; they are probably the rudiments of the pectoral and pelvic fins, 
At this stage the walls of the dilatation of the gut (stomach) are thickened 
very much, taking on the structure of the larval gut. The gut is con- 
tinued posteriorly along the base of the marginal fin, apparently breaking 
up into a number of thread-like tubes as it nears the extremity of the tail, 
where the caudal marginal fin is slightly dentate. 

In the embryo of the anchovy, when it is ready to hatch, the gut is 
ciliated in several parts (c., etc., fig. 19). 

In the larva of anchovy the pre-opercular apertures are widened, and 
open into the pharynx. The wall of the esophagus, which is narrow, is 
very irregular. The lumen of the gut is slender; the walls are thick. 
The anus opens at the middle of the width of the marginal fin on the 
right side of the same. 

The gut in the larva of the whiting (Gadus merlangus) is shown in fig. 
17. The rectum is constricted off from the intestine at con A 
peristaltic movement takes place in the rectum; the movement begins at 
the constriction and passes backwards in a wave motion. As the rectum 
contracts the anus opens, and vice versa. Small rod-like bodies are seen 
moving about in the rectum. The anus has three peculiar lobes. It 
Opens apparently in the space between the two leaves of the marginal fin. 
From the anus grooves run out to the fin-margin, and they probably 
fy. 16) the position of a tube leading from the anus to the exterior (grv., 

g. Fe): 

Sub-epidermal Space.—Between the epiblast and the muscle segments. 

there is 4 comparatively wide space. The epiblast is a loose covering to 
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the embryonic trunk (mesoblast and nervous system). In the embryo of 
anchovy this space is especially wide. Corpuscles were seen in this space 
in the larva of Scorpena species. The space is evidently filled with a 
fluid of some nature, and, in certain embryos—e.g., anchovy, Mugil, etce.—it 
seemed to be connected with the gut by the intermuscular spaces. <A not 
improbable hypothesis is that the perivitelline fluid which enters the gut 
also circulates in this space ; but at present no direct proof is adducible in 
support of this suggestion. 

The respiration of the embryo has not hitherto been regarded as in- 
volving any special system of vessels, Respiration is supposed to take 
place directly through the tissues at every part of the embryo—a process 
of osmosis. Whether such a method is sufficient for complete aeration in 
certain eggs is not of material moment; but that that method is not the 
sole one is shown by the existence of the specialised respiratory system of 
which the gut is the principal organ. In the embryo the whole gut is 
used for respiration; in the young fish the pharynx is supplied with 
special respiratory organs—viz., gills—and through them alone respiration 
is carried on. In the embryo the perivitelline fluid probably circulates in - 
the sub-epidermal space, to which it may obtain entrance by the spaces 
between the muscle segments or by the anterior prolongation of the gut 
seen in certain embryos. A fuller examination of the respiratory system 
is required before its exact circulation can be determined. 


LATERAL SENSE ORGANS. 


The name “lateral sense organs” has been given to the small papille 
which appear, just before hatching, on the sides of the embryo. They are 
usually paired—the papilla on one side being exactly opposite a corres- 
ponding papilla on the other side. On the tail, however, the papillee are 
are not all paired; the most posterior papilla is usually single. 

The lateral sense organs in the larva are described as papille bearing 
externally a number of palpocils or sensory hairs, Ryder drew attention 
to them in the cod (Gadus morrhua), and mentioned that each papilla 
receives a small nerve twig from the spinal cord; this nerve crosses the 
sub-epiblastic space. 

In the embryo of anchovy the lateral papille are well seen (/.p., fig. 8). 
Small pear-shaped corpuscles project from the papille. A long proto- 
plasmic process was attached to the apex of one papilla (/.p1., 2b.). The 
summit of the papilla usually has a small depression or dimple in it. The 
papille gradually diminish in size as they near the end of the tail. 

In a Jarva of anchovy, just hatched, the small pear-shaped corpuscles 
were attached to the papille. Behind the anus were two pairs of these 
organs, and of these the more posterior pair, though the smaller, had a 
double form. In the auchovy larva, however, there is usually a delicate 
tube projecting from each papilla at right angles to the side of the embryo 
{l.p., fig. 26). The distal portion of the tube is bent backwards. There 
are seven papillz on the right and six on the left side. The first six 
papille on each together form pairs; the seventh is unpaired. In the 
larva of Species No. 3 (Raff.) there are five papille on each side (J.p., fig. 
10); the first two form pairs with their fellows on the opposite side; the 
remainder do not form pairs. The anterior three papille on each side are 
alone furnished with external tubes. Small lateral papille are present in 
the larva of Mugil species. One papilla had a pore-like depression in its 
summit, while a second had a corpuscle attached to its apex. 

Almost all the tubes have a number of small granules in their distal 
portions (J.p., fig. 26) ; these granules remain quite stationary. The fibres 
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of the tube enter the papilla and give the origin of the tube a slightly 
wrinkled appearance. .In one case at least the tube was evidently con- 
tinued into the papilla, 

In the larva of Scorpeena species, and in an unknown larva (probably 
Osmerus species), the lateral papillae with their tubes were easily made out. 


These tubes have been described as palpocils. The reasons why. I prefer 
to regard them as tubes and not as sensory hairs are :—(1) That the sides 
of the tube are always perfectly parallel, and the fibres are all parallel 
to one another ; if they were simply palpocils they would certainly some- 
times show a crossing and interweaving of the independent hairs; (2) 
when the tubes are bent backwards their shape and diameter are perfectly 
retained—a condition which could not exist if the fibres were separate 
hairs. 


What the function of these tubes may be it is difficult to understand. 
I have in no case been able to make out any nerve supply. That they are 
the rudiments of the lateral sense organs of the adult is more than doubtful ; 
they are evidently not rudimentary organs, but subserve some function in 
the larva; so elaborate organs for a sensory function in the larva would 
appear superfluous. 


A not improbable hypothesis is that they act as exits to the fluid cir- 
culating in the sub-epiblastic space. The papilla itself might be 
regarded as a sort of sphincter to the tube. 


Exoretory (?) Propucts IN THE GuT. 


In an embryo of anchovy were seen small greenish granules, collected 
in spherical masses, at certain points (c.), in the gut, or isolated between 
these points (c., fig. 19). The little masses are revolving at a rapid rate 
at the places (marked c. in the sketch) where the gut shows slight 
dilatations. The isolated granules oscillate backwards and forwards—at 
one time approaching, at another receding from the masses next them. 
At each vortex, indicated by the motion of the masses of granules, there 
is a group of cilia. The rectum is filled with similar granules, 


In a newly-hatched larva of anchovy the granules were seen to issue 
from the anus; in several larve, granules similar to the above were seen 
lying on the marginal fin outside the anus, while other granules were 
present in the gut and rectum. 


In the larvee of Scorpena species small granules were seen whirling 
round in the wide intestine and in the rectum ; in the gut of the embryo 
of plaice granular masses were seen; while in the larva of whiting rod- 
like bodies were seen moving about in the rectum (7., fig. 17). 


Wheuce do these granules come? They are seen before the mouth 
opens, and before there is a blood circulation. It is extremely improbable 
that any digestion goes on in the gut; but that excretory products are 
formed in the embryo is undoubted. Certain changes take place—e.g., the 
change or conversion of the non-staining yolk into the staining periblast, 
the formation of cells and cell walls, and respiration. There must be ex- 
cretion accompanying the growth The gut is the recipient of part of the 
excretory products—viz., of respiration ; and it is not improbable that 
other excretory products pass by osmosis from the growing tissues into the 
gut, to be expelled by the anus. 
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EXPLANATION OF PLATES, 


Puate VIII. 
Fig. 1. Uranoscopus scaber, Head of Embryo. 15/6/96. 
Fig. 2. Egg of Haddock (Gadus ceglefinus). 28/4/97. 
Fig. 8. Larva—Species No. 6, Ova of Murenide, Raffaele. 22/8/95. 
Fig. 4. Egg of Anchovy (Engraulis Encrasicholus). 26/5/96. 
Fig. 5. Species No. 6, Ova of Murewnide, Raff.; same Egg as Fig. 3. 24/8/95. 
6. 


Fig. Ege of Anchovy (Zngraulis Encrasicholus), 3/6/96. Shows processes 
from the periblast. 

Fig. 7. Egg measuring ‘94mm, in diam., having an oil-glob. ‘19mm, in diam, ; 
probably Egg of Merluccius vulgaris (Hake). 13/6/96. 

Fig. 8. Eggof Anchovy. 22/4/96. 


Fig. 9. Egg measuring *98mm. in diam. ; probably Egg of Pleuronectes italicus. 
Fig. 10. Larva of Species No. 3 (Coryphena ?), Raffaele. 10/6/96. 

Fig. 11. Same Ege as Figs. 3 and 5. 26/8/95. 

Fig. 12. Same Egg as Fig. 3. 

Fig. 13. Egg of Species No. 9 (Ova of Murwnide), . 13/8/95. 

Fig. 14, Same Egg as Fig. 3. 23/8/95. 


Fig. 15. Egg of Mugil (?) Species, measuring ‘91mm. in diam., with posterior 
oil-globule ‘18mm, in diam. 


PuatTe IX, 


Vig. 16. Larva of Whiting (Gadus merlangus), anal region. 29/4/97. 
Fig. 17. Larva of Whiting, anal region. 29/4/97. 

Fig. 18. Same Egg as Fig. 13. 12/8/95. 

Fig. 19. Egg of Anchovy. 28/5/96. 

Fig. 20. Head of Embryo of Plaice (Plewronectes platessa). 30/4/97. 
Fig. 21. Egg of Lesser Weever (Trachinus vipera). 5/4/96. 

Fig. 22. Ege of Anchovy. 8/6/96. 

Fig. 23. Egg of Trachinus vipera. 3/4/96. 


Fig. 24. Egg of Trachinus vipera, 4/4/96. 
Fig. 25. Larva of Anchovy (tail region), 19/6/96. 
Fig. 26. Larva of Anchovy. 30/5/96. 


8 
Fig. 27. Larva of Species No. 6 (Ova of Murwnide). 24/8/95. 


LETTERS USED. 


a, anus; aa, aortic arch; b/, urinary bladder; bs, esophageal pouch (borsa 
stomacale) ; bv, branchial vein ; ¢, cilia, c Fig. 19, masses of granules ; ca, carotid 
artery ; cd, caudal artery ; cv, caudal vein; da, dorsal aorta; de, ductus cuvieri ; 
J, furrow on yolk at mouth of caudal vein; g, gut; gb, gall bladder; gv, granules ;. 
grv, grooves ; ht, heart; jv, jugular vein; 7, lacuna, Ja, branchial vein ; di, liver ; 
lp, lateral papilla (‘‘Jateral sense-organ”); mf, marginal fin; ms, subneural space ; 
oa, ocular artery; og, oil-globule; ov, ocular vein; p, process; pb, periblast ; 
pc, pericardium ; pe, posterior end of yolk ; pf, pectoral filament ; poa, pre-opercular’ 
aperture ; sg, segmental duct ; sv, sinus venosus; va, vd, opening of jugular vein ;. 
vv, vertebral vein; y, yk, yolk ; yks, yolk-sac. 
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VII —RnrPORT ON THE OPERATIONS AT DUNBAR MARINE 
HATCHERY for the Period July 1896 to December 1897, with 
some NOTES ON REARING EXPERIMENTS WITH FLAT 
FISHES. 


By Haraup C. Dannevie. 


In my last Report on the operations at the Dunbar Hatchery, I 
described experiments that had been carried out on the breeding of 
turbot and lemon soles in the summer of 1895, and also reported on the 
hatching of plaice during the spring season 1896. In the following pages 
an account is given of the hatching work that has been carried out since 
then up to the present (February 1898). 


1. EXPERIMENTS WITH TURBOT. 


These were carried out in a modified form in accordance with the 
experience obtained in 1895. From the report of that yearit will be seen 
that ripe fishes were transported from the West Coast and kept in the 
tanks at Dunbar. Though the fishes were in an apparently thriving 
condition they did not spawn naturally, a consequence, no doubt, of the 
confinement immediately before the spawning season, and of the narrow- 
ness of the tanks. It was therefore decided to collect immature turbots 
locally and rear them in confinement till they reached maturity. This 
collection was at once begun, and by the end of 1896 about eighty fishes 
had been gathered. They measured from 10 to 14 inches in length, and 
were captured by a small shrimp trawl on the shallow sands in the neigh- 
bourhood of Dunbar. Fertilised turbot eggs were also transported from 
the West Coast to Dunbar in the same way as had previously been done 
with the fishes, a few millions being obtained in good condition, from 
which 1,360,000 fry were produced. The collection of immature turbot 
has been continued during 1897, and by the end of the year about 200 
healthy fishes were kept in confinement here, measuring from 10 to 16 
inches. They are well fed and in good condition, so that confinement at 
this early age does not seem to affect them in the least; and if they were 
placed in a larger tank I have no doubt that in due course they will 
produce eggs abundantly. 


2. EXPERIMENTS WITH BREEDING OF LEMON SOLE. 


The experiments were continued during the summer of 1897. In the 
previous year an attempt had been made to collect these valuable flat 
fishes from the trawlers, but most of them died soon after being landed. 
By an improved treatment of the fishes in the tanks it was thought a 
much larger percentage might survive the bad effects of the capture and 
transport to Dunbar, and by collecting a large number (about 1150 fishes 
were landed altogether) there was some hope that a fair number of healthy 
spawners could be secured. It was found, however, that the previous ~ 
year’s experience was repeated, as more than 700 fishes died within a 
couple of days after they were landed. This number included nearly all 
the females, which, owing to their advanced stage of development, were 
less hardy than the males. The difficulty experienced with the lemon 
sole is a direct consequence of the rough way in which the fish is captured 
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by the ordinary trawlers, aud in order to secure a healthy stock of spawners: 
of this valuable flat-fish other means must be employed. The most 
successful method would be to collect from near the coast nearly mature 
fish measuring from 10 to 12 inches, and mature them in confinement as 
is being done with the turbot. Most of the lemon soles of the above- 
mentioned size would become mature in one or at most intwo years. But 
in order to deal with this flat-fish in this wayjit would be necessary 
to obtain more accommodation in the way of tidal tanks than exists at 
present at Dunbar. 


3. ON THE HATCHING OF PLAICE DURING THE SPRING SEAson 1897. 


The spawners were this year, as usual, collected from the steam trawlers 
by the Garland. From February 3rd to March 15th 603 fishes were 
landed and at once placed in the spawning pond. Fertilised eggs were first 
observed in the last week of February, and on the 22nd the first col- 
lection was carried out, about two weeks earlier than in any other year. 
The spawning season ended on May 11th, when altogether 30,960,000 eggs 
had been obtained. Of these about 92 per cent. were successfully hatched 
and the young fry transported to Loch Fyne. A number of fry was lost 
during the transport, principally owing to the often rough usage that the 
apparatus got in the hurried changes in railway stations and handling 
elsewhere. Precautions have been taken to obviate this difficulty, so that 
such losses in future will be reduced toa minimum. ‘Table I. shows the 
daily progress of the hatching work, while Table II. gives particulars in 
regard to the distribution of the fry. 


TasLe I.—Showing the Number of Eggs and Fry dealt with and the 
Daily Temperature of the Water. 


Number Temperature at | *Fry lost 
D Namiber of Eggs Number |’ Number of noon of the Tank.| during 
ate. of Eggs dears of Fry put} Eggs and a rs 
Collected. B ekg out. Fryin Boxes,|/—.1 aint hie. cae 
oxes. Centi- | Fahren- or Planted 
i grade. | heit. |at Dunbar. 
| Deg. Deg. 
Feb. 22} 60,000 ye * 60,000 | 46 40°3 
i oe a6 " wal 60,000 4:7 40°5 
Se ee 7 OR see or 230,000 4°8 40°6 
a Ot eae ae A. isd 230,000 4°7 40°5 
» 26| 189,000 be ee 410,000 4°8 40°6 
i: eee 130,000 wat tdi 540,000 4°8 40°6 
» 28} 200,000 30,000 he 710,000 BO: 41°0 
Mar. 1 240,000 if i 950,000 5"1 41°2 
=A 2 400, 000 ae ase 1,350,000 5°2 41-4 
» 93{| 220,0C0 ree eh 1,570,000 5°3 41°5 
ge 4] 340,000 15,000 ie 1,895,000 5:5 41°9 
5 5 | 280,080 me ee 2,175,000 5°4 41‘7 . 
* 6 460,000 35,000 ee 2,600,000 5:5 41°9 
sy at? 200,000 oF «th 2,800,000 5°3 41°5 
mS es 180,000 20,000 is 2,960,000 52 41°4 
rf 9 | 260,000 ai — 3,220,000 5:3 41°5 
3 10 | 250,000 60,000 eat 3,410,000 54 41°7 
Eat 340,000 ee ote 3,750,000 5'2 41°4 
gi. & 12 400,000 4,150,000 5:2 41°4 


, 18] 580,000} 50,000 A 4,680,000 | 5:1 41-2 


* After hatching, the eggshells sink to the bottom of the hatching boxes, from where 
they must at once be removed. It is not always easy to separate them from the 
fry, and some of the latter are therefore taken to the sea as well. The number of fry 
thus removed must be estimated, as there is no exact way by which the number can be 
ascertained. The number of fry lost in the transporting had also to be estimated, but, 
as they were carried in small bottles, and it generally was one or more of these that were 
unsuccessful, the estimation of the numbers was not very difficult. iy 

The approximate number of fry planted locally, and of fry lost during transport, 
are given together in the Table. 
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TABLE I,—continued., 
* 
Number ee Number | Number of ie a “iy ig Saal hi ‘nc 
spate of Eggs davai of Bry Bgea anc eansnort 
Collected. Towa, put out. |Fry in Boxes, Peta ot tateanalce Planted 
grade. | heit. jat Dunbar. 
| Deg. Deg. 
Mar. 14 | 120,000 fe ee 4,800,000 50 41:0 
» 15] 210,000 25,000 T 4,985,000 49 40°8 
» 16] 670,000 i. ee 5,655,000 5:0 41-0 
| » 17 | 840,000 45,000 ¥; 5,950,000 5:1 41:2 
iy k8r 700,000 rae a 6,650,000 5:2 41°4 
» 19] 800,000 70,000 i 7,380,000 54 41°7 
» 20 | 1,000,000 40,000 a 8,340,000 5-4 41°7 
» 2] 750,000 ae J 9,090,000 56 42) 
» 22] 800,000 | 185,000 re 9,755,000 58 424 
» 23} 440,000 ae am 10,195,000 6-0 42°8 
» 241] 560,000 | 120,000 be 10,635,000 64 43°5 
» 29 | 1,000,000 | =f ae 11,635,000 6°5 43 ‘7 
» 26] 300,000 80,000 vs 11,855,000 6:4 43°5 
», af | 1,050,000 ae aed 12,905,000 6°4 43°5 
» 28] 500,000 35,000 ae 15,370,000 6-1 43°0 
» 291 700,000 55,000 i 2 14,015,000 56 42:0 
» 380] 800,000 20,000 sis 14,295,000 5'3 415 rr 
» ol} 740,000 os bs 15,035,000 52 41:4 Ses 
April 1] 460,000 ed 2,400,000 | 12,695,000 50 | 41:0 400,000 
i 350,000 | 180,000 a 12,865,000 ig 41:2 io 
” 3 | 850,000 ee 4 18,715,000 5:0 41:0 
* 4 | 1,200,000 55,000 ves 14,860,000 5:0 41°0 
ms 5 ott = 5. 14,860,000 4°9 40°8 
m 6 | 820,000 ay oe 15,680,000 5:0 41°0 
‘ 7 | 580,000 = aie 16,260,000 5:4 41°7 
is 8 | 800,000 45,000 Mee 17,015,000 i) 41°9 Be 
fe 9] 880,000 a ee 17,845,000 5'8 42°4 ay 
» 10}. 470,000 | 160,000 | 3,200,000 | 14,595,000 5°6 420 360,000 
ye E |. 550,000 es als 15,145,000 60 42°8 oe 
hee e 130,000 aa 15,015,000 6°1 43:0 
ay do!) 700,000 - a 15,715,000 61 430 
» 141 800,000 tees 16,515,000 6:2 43-2 
» 15 |,1,200,000 | .110,000 ce 17,605,000 57 42°2 as 
» 16] 800,000 me 4,000,000 | 13,245,000 6:0 42°8 660,000 
4 a.) Le | 390,000 i. oe 13,595,000 6°0 42°8 - 
ie aaa #3 130,000 ia 13,465,000 6-1 43-0 
ato te sf 00,000 is ro 14,215,000 6-4 435 
; lar di a me oe 14,215,000 6°5 43°7 
s » 21} 700,000 40,000 ah 14,875,000 64. | 48°5 
» 22] 600,000 A. Ag 15,475,000 6°6 45°9 il 
' Cy). ka As 170,000 | 3,300,000 | 11,405,000 6°4 43°5 600,000 
i » 24}. 800,000 dz; a 12,205,000 6°6 43-9 hes 
| at 2 ne ae ie 12,205,000 | 6°5 43:7 
. » 26} 660,000 | 200,000 oe 12,665,000 6°7 44:0 
#F i ee 4 a fe 12,665,000 6°8 44:2 
| » 28} 440,000 ay ay 13,105,000 7°0 44°6 
is ae a be oe 13,105,000 fil! 44°8 . 
nh eu a 20,000 | 2,500,000 | 10,185,000 72 45:0 450,000 
May 1 ‘6: ane a 10,135,000 Tod! 44°8 Ps 
3 2 Re 10,135,000 75 45°5 
is 3 | 530,000 10,665,000 73 45:1 
, 3 4 tis af 10,665,000 7°4 45°3 “ee 
: '$ 5 sy i 2,100,000 | 8,205,000 Th 45:9 360,000 
- 6 | 270,000 25,000 "e 8,450,000 7°5 45°5 af 
a 7 “ae 42 3,200,000 | 4,700,000 74 45:3 550,000 
# 8 60,000 75,000 Ly 4,685,000 7°3 45-1 a 
y #5 9 tas sh 4,685,000 74 45°3 
oy LO -* 4,485,000 75 45°5 
Sek 20,000 a ra 4,505,000 78 46:0 he 
pe 2 bik a re 4,505,000 iO seo at 
oto ee 80,000 | 2,400,000 | 1,485,000 75 45°5 540,000 
ter tke ie sf 1,485,000 lh 45°9 is 
i, 20 1,485,000 78 46:0 
; pet EG 1,485,000 ah 45-9 
aa 7! 1,485,000 78 46:0 
eke 1,485,000 79 46°2 
a8 1,485,000 8:2 46°8 
her 20 1,485,000 8°4 47°1 
we. 20 1,485,000 83 46°9 
ee. ee ae ae he 1,485,000 8°5 47°3 ag 
i k 3 fs 3a 1,485,000 86 47°5 i 
oy Se is 235,000 | 1,270,000 gee 8°6 47 ‘5 180,000 
30,960,000 | 2,490,000 |24,370,000 4,100,000 


222 Part III.—Sixteenth Annual Report 


TaB_e II., showing Localities and Physical Conditions where the Fry 
were Distributed. 


~ > 
oe = a 
> os 
Ee = Ey 5 Number 
Date, Locality. Time. | = Zz Ua of Fry 
2. oF See put out. 
| 3° aS 
= nD 
1897 P.M. | Deg. c. 
April 1 | Loch Fyne; between Loch Gair 1024°5 2,400,000 
and Minard Castle, : 7.20 8°7 68° c 
»» 10] Loch Fyne; between Otter 3,200,000 
Spit and Loch Gair E 10.0 
»» 16 | Loch Fyne; off Strachur, : 8.0 4,000,000 
+» 23 | Loch Fyne; between Loch Gair 1025-2 3,300,000 
and Minard Castle, : 8.30 7°8 8-0° c. 
;» 30} Loch Fyne; off Loch Gair, 9.25 75 102671 _ 2,500,000 
Fee 
May 5 | LochFyne; between Loch Gair 1026°3 = hr. | N.w. | 2,100,000 
and Minard Castle, 5 8.35 7.2 17-4" ¢, | Flood. Force 
5 3. 
ae 7 | The Clyde ; off Greenock, =F) (1.0 < ‘ ~ e 3,200,000 
13 | Loch Fyne ; off Penmore,. py (ee 8.5 1025°2 | 3} hrs. |Calm.! 2,400,000 
83° c. Ebb. 
24 | Loch Fyne; off Crarae, . . | 10.55 10°5 1026°6 | 34 hrs. |Calm.| 1,270,000 
9-2. | Ebb 
10'S’ c eee 
| 4,370,000 


In my earlier Reports on the operations at the Hatchery I have 
(repeatedly referred to difficulties that have been experienced in connection 
with the spawning fishes, and also how the success of the work was thus 
interfered with. The source and nature of these difficulties have also been 
referred to in detail. The principal want in this respect is a tidal pond or 
reservoir in which the adult fishes could be kept comfortably from the 
one season to another. 

With regard to plaice, I am in a position to state (1) that the death- 
rate amongst the fishes in the pond would be very low when a healthy 
stock had once been secured ; (2) that a healthy stock of fish would 
develop eggs normally ; (3) that all eggs would become impregnated in 
due course, and thus be rendered fit for development ; (4) that the pre- 
sent number of fry produced annually would be much increased ; and (5) 
that the working expenses under otherwise similar conditions would be 
less than at present. Without mentioning figures, J shall also state that 
the capital expenditure in connection with the construction of such a 
pond would be covered in two, or in the most three, years with what 
was saved by the improved arrangements. From this it will be seen that 
the desired completion of the station offers advantages in all respects, 
financially and otherwise. The problem of artificial sea-fish culture has 
lately become of the greatest importance, and its merits have been much 
‘discussed. But to decide a question of this nature by theoretical argu- 
ments only will hardly be found satisfying nor accepted as a final 
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decision, however well founded it may appear. It has been found gener- 
ally, and also in this particular case, that mere theory often has had to 
give way to the light of practical experiences and those thereon established 
facts. It was in recognition hereof that sea-fish hatching was taken up in 
this country, and it must therefore necessarily be judged on its own merits ; 
but in order to doso the work must be subjected to a just trial and enjoy 
a fair chance. The fry produced in the Hatchery is at present being dis- 
tributed in a relatively closed area of the sea in order to find out what 
effect the artificial fish culture may have upon the abundance of fish there. 
But owing to the incomplete condition of the station, this experiment has 
had to be confined to one single place (Loch Fyne), while it ought to be 
extended to several lochs or closed areas before the experiment can be 
considered a true test of the work. ‘This is clearly so, because permanent 
or temporary physical conditions in any one particular place may be un- 
suitable for the development of an increased stock of fish, and this would 
perhaps only be found out by comparison with the results obtained in the 
various places. But such a conclusive test of fish-hatching in the present 
case can only be carried out when the number of fry produced is increased ; 
and as this can be accomplished without an increased working expendi- 
ture, I hope that the proposal for these necessary improvements in the 
near future will be given a favourable consideration. 


4, PRELIMINARY Notes ON CONTINUED REARING EXPERIMENTS WITH 
LARVAL AND Post-LARVAL PLAICE AND LEMON SOLE. 


In a paper “ On the rearing of the larval and post-larval stages of the 
plaice and other flat fishes,” published in last year’s Report,* I described 
an experiment in the rearing of plaice through the post-larval stage, at 
the end of which the young fishes had the form and habits of the aduit. 
In that paper it was mentioned that the greater number of the young fry 
which were placed in the hatching jars did not take any food, though such 
was present in abundance, but died from starvation. Others, again, took 
the food regularly and developed quickly. In referring to this peculiar 
circumstance I then made the suggestion that the fry might have been 
retained rather long in the hatching apparatus without food. In similar 
experiments which were carried out “in the spring, 1897, the same peculi- 
arity occurred. Some larve were successfully carried through the post- 
larval stage, but the greater number was lost in the same way as on the 
first occasion. 

In all these experiments I had been acting upon the general belief that 
the larval plaice is nourished by the yolk only until this is absorbed, and 
at that stage I had placed them in the rearing jars and supplied the food. 
__ By watching the process of the absorption of the yolk from the moment 
-of hatching onwards I observed that the diminishing of the yolk appeared 
proportionately greatest soon after hatching, or that the amount of yolk 
absorbed daily was far greater in the beginning of the larval stage than 
later. I particularly noticed that the last portion (about one quarter of 
the total mass of yolk) was only reduced very slowly. If the rate of 
development of the plaice is reduced towards the end of the larval stage, 
it is probable that less nourishment will suffice; but if this is not so, it 
becomes evident that more nourishment is required, and possibly of a 
different nature, than what is simply provided by nature directly and 
attached to the fish in the form of yolk. It would undoubtedly be wrong 
to reason that the last remnant of yolk was absorbed before the first 


*Fifteenth Ann. Rep. of the Fishery Board, Part iii., page 175, 
iE 
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“bite ” of food was taken. . The two ways of nourishing are more likely 
to intermix—that a certain amount of food is eaten while yolk is still 
present. And if this is the natural process in regard to young plaice, it 
is not surprising that early feeding cannot successfully be dispensed with. 

With the view of finding out whether the larval plaice would take any 
food before the absorption of the yolk was completed, I placed some 
newly-hatched fry in a rearing jar early in May, and added to the water 
tow-net collections containing samples of the ordinary plankton on this 
coast. When between three and four days old about the half bulk of the 
yolk had been absorbed, and the mid-gut had by this time begun to form 
the sling; this, however, was not nearly completed. At this stage the 
larve began to take food. The nature of the latter was much the same 
as I have found to constitute the food in the early post-larval stage. 
Small larval molluscs and larval crustaceans were observed in the stomach, 
though most frequently forms of infusoria (ceretiwm sp.) were observed,. 
and sometimes diatoms. In one specimen which was three days old, and 
the mid-gut yet quite straight, I found four specimens of ceretium. The 
fact that the larve did take food regularly at this early stage makes it 
very probable that it is natural to them and that they will do so in the 
open sea generally. Though it does not seem to be an absolute condition 
for successful development (compare the rearing experiment carried out in 
1896), there is reason to believe that the percentage of surviving indi- 
viduals will be much increased by an early feeding. Some further experi- 
ments may illustrate this more graphically. When transporting plaice 
fry long distances in 1896 I found that best results were always obtained 
with those that still had the greater part of the yolk mass unabsorbed. 
Any relation between this experience and the above-mentioned peculiarity 
tends to show that the plaice larva has a greater vital resistance in the 
middle than towards the end of the larval stage in cases when additional 
nourishment has not been supplied. This very interesting fact in connec- 
tion with larval plaice has to my knowledge not previously been stated ; 
it will probably form a point of importance in the case of artificial rearing. 
in laboratories, where such experiments as yet have had little success. 

From lemon soles, which had been delayed in their spawning, I obtained 
some fertilised eggs in September. After hatching, an experiment for 
rearing of the larve was arranged and food supplied in the usual way. 
Soon after the mouth was open they began to eat; the yolk was then 
nearly absorbed.* The larve took food abundantly, but did not seem to- 
thrive on it. 

Tow-net collections were obtained from various places in the locality 
and were taken near the surface and at greater depths, but the food thus 
supplied did not seem to agree with them, although it was eaten of freely. 
Some of the larve were kept for ten days after the yolk had been 
absorbed ; this was in the beginning of October, and it must be remem- 
bered that June and July is the usual time for the development of the 
lemon sole larvee. Seasonal changes in the plankton on the coast would 


probably be of adverse influence in this case. As I hope some time later 
to have an occasion to continue these experiments with the lemon sole 


under more favourable circumstances, I shall not now give a detailed 
account of the observations made regarding the food and general develop- 
ment during the relatively short period of the post-larval stage in which: 
the larve lived. 


* After this the lemon sole does not take additional nourishment at such an early stage: 


as the plaice. 
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VIIIl.—The POST-LARVAL Stages of the PLAICH, DAB, 
FLOUNDER, LONG ROUGH DAB, and LEMON DAB. 


By Harry M. Kyus, M.A., B.Sc., Science Scholar, Gatty Marine 
Laboratory, University of St. Andrews. (Plates X., XI.) 


Durine the last ten years an enormous amount of work has been done 
by scientific investigators* in connection with the life-histories of the 
important food-fishes, and of these the plaice has received the greatest 
amount of attention. The life-histories have been approached from two 
directions. The fertilised eggs have been obtained and kept in tanks 
until the larve hatched, and thus the distinctive characteristics of the 
larval forms made out. The larve of the plaice is distinguished by its 
large size when hatched, but the larve of the other four flat-fishes named 
are hatched at nearly the same size, the size of the newly hatched larva 
being related to the amount of yolk contained in the egg. Amid slight 
differences of description there is common agreement amongst observers 
that the essential distinctions between these larval forms are to be seen 
in the distribution and colour of the pigment. If the yolk-sac is still 
attached, the larve of the lemon dab can be distinguished from those of 
the long rough dab, and both from those of the dab and the flounder, by 
their slightly greater length. But if the yolk is absorbed and pigment is 
absent, as in spirit specimens, the separation of the young post-larve is. 
extremely difficult, depending on some minute differences in the con- 
figuration of the head. Beyond this very early post-larval stage four of 
these forms have not been traced as yet, but recently the young plaice 
have been reared through the larval and post-larval stages to the assump- 
tion of the adult characteristics. 

The other side from which the life-histories of these forms have been 
approached has been from their pelagic stages and conditions. It has 
been gradually discovered that in each life-history there is a definite 
cycle of migration. The long rough dab and lemon dab are deep-water 
fish, living at depths of twenty fathoms and more, but their eggs and 
larvee are found within three miles of the shore. The plaice, in its adult 
mature condition, also frequents deep water, visiting certain spawning 
areas in the beginning of each year, and from these areas the eggs and 
larve drift in towards the shore. Its young stages, during the assump- 
tion of the adult characteristics, are found in rock-pools and brackish 
water. The migrations of the dab are not so extensive. It spawns 
within three miles of the land, although mostly at greater distances. Its 
larve and young forms are found within a few hundred yards of the 
shore. The flounder, again, passes the greater part of its life in fresh 
water, entering the streams at a very early stage and leaving them only 
to spawn in the sea. The drifting shorewards of these eggs, larve, and 
post-larvz have been connected with the currents which flow southward 
during the greater part of the year along the coast of Aberdeenshire and 
Forfarshire into St. Andrews Bay and the Firth of Forth. 

The eggs of four of these forms, the commonest of the pleuronectide, 
along with those of many others, are found together during certain 
months of the year, especially March, April, and May. The larve also 
are found together, and these are separated from the larve of the round 
fishes by “‘the proportionally larger eyes of the round fish, the structure 
of the tail, and the depression of the snout between the eyes” of the 

* M‘Intosh and Prince, ‘‘ Researches,” Trans, R.S.E., Vol. xxxv., Part ii., 1890; 
Trawling Report, 1885 ; and papers in ‘‘ Reports of Scottish Fishery Board.” 

J. T. Cunningham, Trans. R.S.E., Vol. xxxiii., Part i. (1887), and Papers in the 
** Journal of the Marine Biological Association.” ‘ 

E. W. Holt, Sc. Trans, R.S.D., Vols. iv. and v. = eh 1891 and 1893, 


C. G. Petersen, ‘‘ Report of the Danish Biol, Sta.,” 18 
T. W. Fulton, ‘‘ Reports of Scottish Fishery Board,” 
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young pleuronectide. But the larval and post-larval forms of the flat- 
fish, with the exception of one or two well-marked stages in certain 
forms, such as the lemon dab, have hitherto been simply classed together 
as pleuronectids in the reports of the trawlings of the Garland ; it was 
so difficult to distinguish the one from the other. Most of the specimens 
collected by the Garlanda’s officers, as well as those taken in St. Andrews 
Bay and in the rock-pools, have been slowly accumulating during the 
last thirteen years under the supervision of Professor M‘Intosh. 

The presence of young flat-fish at the tidal margins has long been 
known. In the “Researches,” Professor M‘Intosh considered that the 
more completely metamorphosed specimens, about 14mm. in length, were 
flounders, while the thinner, more transparent, and less metamorphosed 
specimens at the same size might be plaice. Later,* when the flounder 
had become better known, and its characteristics at that size distin- 
guished, he thought that these might be either plaice or dab. 

In the “ Researches ” also, Professor M‘Intosh included under the long 
rough dab certain specimens from 5mm. to 14mm. long, but without 
giving drawings or detailed descriptions. 

In “A Treatise on the Common Sole” (1890) Mr. Cunningham gives 
two drawings of the flounder in its transformation stages, and in the 
“Journal of the Marine Biological Association” 7 he narrates that he 
had obtained young plaice, dabs, and flounders, but does not give their 
characteristics or distinguish them in their early stages from 10 to 15 mm. 
The pelagic forms—when the young flat-fish are in their post-larval or 
transformation stages—have been obtained and described by several 
observers. 

Dr. Petersen, in the ‘‘ Report of the Danish Biological Station” (1893), 
gave a brief outline of the young flat-fish of Danish waters. Without 
going into detail he clearly marked off the relative positions of the plaice, 
dab, and flounder, stating the sizes at which each completed metamor- 
phosis. These were—about 8 mm. for the flounder, 10 to 11 mm. for the 
plaice, and 12 to 13mm. forthe dab. Between “12 to 13 mm. the plaice 
is very like the common dab,” but “‘is distinguished from the latter by its 
small eyes (the diameter of the apple of the eye is only half the length 
of that in the average-sized common dab) and by a different pigmeuting.” 
He gives a drawing of a young pelagic stage of the long rough dab, which 
seems to have been about 18 to 20 mm. long, and states the character- 
istics—“ particularly projecting stomach region, and the concave profile of 
their heads.” 

Mr. Holt, in his report on the Irish survey (loc. cit.), minutely 
describes the characteristics of certain specimens considered to be plaice, 
dab, and long rough dab. A complete series of the plaice was obtained, 
and he gives drawings of five specimens from 10mm. to 21mm. The 
specimens of the dab were from 12°25mm. to 16mm., but none below 
12°25mm. were obtained, nor from 16mm. to the stage when the adult 
characteristics are assumed. It was therefore by a process of elimination— 
comparing the specimens with those of the plaice on the one hand and 
those of the long rough dab on the other—that these forms were called 
dabs. The general differences between the plaice and the dab are :— 

At the same total length (1) the rotation of the eyes is less complete 
in the dab than in the plaice. 


(2) The height of the body is relatively greater [in the plaice than in ' 


the dab. 


(3) The size of the eye, as compared with that of the head, is larger 


in the dab than in the plaice. 


(4) A general pigmentation of the ocular side is assumed .by. the 


young plaice at a smaller si size than in the case of the young dab, 


* Loc, cit. 
+ Loe, cit. 
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Nine specimens of the long rough dab are figured, ranged into an 


elongated and a shorter series, as it was found impossible to arrange the 
specimens into a single regular series. They extend from 937mm. to: 


14:77mm. The two larger specimens, 13°87mm. and 14‘77mm., are 


shown to be remarkably like dabs, the proportions being similar. So far 


as the drawings show, also, the mouth is very slightly different from that 
of the dab. The asymmetry of the head is more advanced in the common 
dab, and also the pigmentation. Myomeral streaks are preseut in the 
long rough but absent in the common dab. The number of fin-rays in 
the long rough dab is greater than in the common dab, though at these 
early stages the difference is not great. 

The smaller specimens are divided into two series—in the one the eye 
has not begun to migrate, in the other it has just commenced ; but the 
difference is extremely slight: another difference of more importance 
being the greater breadth of those which are further advanced. In the 
absence of later specimens over 15mm. there was great difficulty in seeing 
the relations between these smaller series and the larger specimens of 
13°87mm. and 14°77mm. Mr. Holt makes a reference also to the 
specimens mentioned in the ‘‘ Researches” as long rough dabs. While 
working up his material at St. Andrews he had evidently seen these 
specimens, and noted that they exhibited ‘“‘a depression between the 
eyes” and a “ preponderance of pigment along the ventral line.” 

Later specimens, from 27mm. onwards, were also obtained by him. 
There was no doubt that these were long rough dabs, the characteristics 
being sufficiently obvious even in the smallest at 27mm. All these 
specimens were taken in very deep water, the smaller, metamorphosing 
examples, being obtained from 30 to 32 fathoms, the larger, with adult 
characteristics, from 40 to 80 fathoms. 

The difficulties Mr. Holt had to encounter arose from the lack of 
complete series. He was thus compelled to trust to differences in 
measurements —proportions of breadth to length, head to length, &c.; but 
where variations are considerable, measurements are not altogether 
trustworthy, unless one knows the limits of variation. Indeed, Mr, 
Holt was quite nonplussed with the amount of variation in the long 
rough dab. 

Mr. Cunningham, in “ Marketable Marine Fishes” (1896), criticises 
Holt’s work. He is of the opinion that the long rough dabs of Holt are, 
the longer specimens plaice, the smaller dabs. He seems to think, too, 
that the metamorphosis of the dab is completed at an earlier stage than 
that of the plaice, for he says (p. 225) :—“ Considering that when first 
hatched the Jarva of the dab is little more thau half the length of that of 
the plaice, it is singular that it should be longer than the plaice during 
the process of transformation.” 

On p. 218 he gives a drawing of the “Larva of Plaice,” a little over 
15mm. long, with its eye on the ridge. Comparing this drawing with 
those by Holt, it evidently corresponds either with the dab or the long 
rough dab. Mr. Holt’s specimens were in spirit, Mr. Cunningham’s 
alive. With regard to the long rough dab, Mr. Cunningham thinks that the 
~young forms have not yet been identified. 

Dr. Ehrenbaum,* more recently, has described and figured the young 


larval forms of these species. A number of the young post-larval stages of 


the plaice were obtained by trawl-net, and the characteristics of this 
species, from the larval stage to the assumption of the adult characteristics, 
are placed in tabular form. THe describes also the early post-larval 
stages of the flounder. The post-larval stages of the dab were not 
obtained, however, nor those of the long rough dab and lemon dab, 

* Hier u. Larven von Fischen der Deutschen Bucht. Wissen, Meere, 1896. 
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The Fifteenth Annual Report of the Scottish Fishery Board (1897) 
contains the results of Mr. Dannevig’s experiments on the rearing of the 
young plaice. He gives the measurements of its length and breadth at the 
various stages, with an account of its food. The life-histories of these 
forms are described in ‘ British Marine Food-Fishes,”* so far as they are 
known. Coloured drawings show several stages in the developmenta 
of each. With regard to the separation of the plaice and the dab Holt’s 
conclusions are accepted. 


THE PLAICE AND THE Dap. 


Being, therefore, in the light of recent research, in a more favourable 
position than Mr, Holt was, these pages contain the results of observa- 
tions upon the specimens in Professor M‘Intosh’s collection. 

It was thought that if a series of specimens of each species could be 
obtained, showing the gradual passing of the larval characteristics into the 
post-larval, and these into the adult, the separation would be effected. From 
the collection of Professor M‘Intosh, however, half-a-dozen complete series 
of the plaice and the dab might be obtained with certain portions always 
the same but other portions different. The variations in the character- 
istics of these two forms are very great, overlapping at various points 
during development, so that the notion of a complete series is rather 
misleading. All that could be done was to separate the portions that 
were clearly distinct, and then use a calculus of probabilities, as it were, 
to separate the remainder. 

The flounder is separated from these two forms, chiefly because it 
undergoes metamorphosis at a smaller size than they do, and because the 
variations in the number of its fin-rays do not overlap those of the plaice 
and the dab. 

Recent research, by Petersen in Denmark, Duncker? at Kiel, Cun- 
ningham on the east coast of England, and Holt for the west coast of 
Ireland, has shown that the number of fin-rays of these species is much 
more variable than was formerly thought, the variations being different in 
different regions. Yet, as a rule, the flounder is distinguished by its 
smaller number of fin-rays. The long rough dab and the lemon dab, on 
the other hand, have a larger number of fin-rays than the plaice and the 
dab, though the peculiar manner of growth of the fin-rays in the young 
stages of the long rough dab causes overlapping with the plaice and the 
dab at these stages. The plaice and the dab, however, overlap at all 
stages, and this character is not a distinguishing one. After separating 
the long rough dab, the flounder, and the lemon dab specimens by means 
of this fin-ray formula, and other characteristics to be mentioned later, a 
large number of plaice and dab remained. 

These were separated, roughly at first, in various ways. A number of 
specimens, for example, formed a series from 5 mm. to 12 mm., showing 
the transition from the earliest, with caudal fin-rays developing, to the 
latest, with the left eye beginning migration. Such a series occurred in 
several bottles, and were evidently of the same species—dabs. A number 
of specimens of the larval plaice, from 6 to 7 mm., and early post-larval at 
8mm., are present, and these are not to be mistaken for any other form— 
certainly not the dab, 


* British Marine Food Fishes. M‘Intosh and Masterman, 1897. 
+ Var. u. Verwand, r. Pl. flesus, u. Pl. flesus. Wissen, Meere, 1896. 
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Between 8°5 and 10 mm. it was found that the specimens considered to 
‘be dabs at that size might fit into a series leading to specimens at 10mm. 
and onwards, which for various reasons were considered to be plaice. 

Other specimens could be found to fill the gap, but there was very 
little difference between them all. Those which might be considered 
plaice were, if anything, a little thinner and flatter in the body, whereas 
the dabs were rounder; but such difference as there was would easily 
have been explained away as due to individual variation. 

The lines of development of the plaice and the dab were therefore con- 
sidered to cross between 9 and 9°5 mm. Between 10 and 12 mm. the 
dabs were clearly marked off from a great number of specimens which 
were in process of metamorphosis. But these dabs did not fit into a 
series with those of Mr. Holt, nor could his be separated from what was 
thought to be plaice. Relying upon measurements of eye and head, 
breadth and length, he had separated specimens at the same length and 
the same stage of metamorphosis. His figures 109, which represents a 
plaice, and 112, a dab, correspond so far as metamorphosis is concerned, 
the eye being half-way. In fig. 112 the dorsal fin is not continued 
forward to the eye, but this may have been due to accident. Such a 
gap between dorsal fin and eye was not seen in any of the specimens in 
the collection. 

The differences in proportions are not great. In the plaice the length 
{without tail) is 24 times the breadth (without fins), in the dab it is 34 
times ; in the plaice the length is 34 times the length of the head, in the 
dab it is 4 times. Mr. Holt lays stress on another proportion, namely, 
eye to head. But this measurement is of no use, it seems to me, because 
the eye is more subject to unequal contraction than the head, and the iris 
(which was taken as the measure) is not round. The proportion of eye 
to head in the plaice at these stages was found to vary from 4 to 1. 

Another difference, the length at which pigment is assumed, is also 
variable. In the plaice, it depends upon when they take to the bottom, 
and the length at which this occurs is known to be. variable. 

Mr. Holt’s figures 110 and 113 correspond also, so far as the stage of 
metamorphosis is concerned, and both seem to be plaice. On the other 
hand, fig. 114, length 14°5mm., is in a stage corresponding with fig. 109 
-of the plaice, length 12°25mm., the eye being half-way, and seems to be 
a dab. 

The lines of development of the plaice and the dab are certainly very 
close, but not so close as Mr. Holt thought. With such a large number 
of specimens the investigation at this stage became a study of variations. 
The first point was to trace out the probable lines of development, and 
for this there were several aids. The plaice was known to be completely 
metamorphosed at 14mm. to 16mm., and a number of specimens at such 
a stage were present in the collection. On the other hand, there were no 
‘completely metamorphosed specimens of the dab below 17mm. From 
the series of dabs already referred to it was evident that the dab under- 
‘went metamorphosis at a greater length than the plaice. The lateral 
line, also, is present in the plaice much sooner than in the dab. The next 
point was to determine when metamorphosis is half complete, 7.e., when 
‘the pupil of the left eye is in a line with the dorsal fin. 

Sixty-two specimens were counted out at this stage, and their lengths 
measured. There was a difficulty with some of the specimens, because the 
fin curves as it approaches the left eye, bending round its posterior left- 
‘hand margin. This occurred in the smaller specimens, the plaice. In 
‘the larger specimens, the dab, the dorsal fin overhangs the left eye at 
this stage (figs 10, 11; and fig. 114, Holt), but Iam not certain how far 
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the difference is of specific value, This condition, the dorsal fin over- 


hanging the eye, is present in the lemon dab, perhaps also in the long 


rough dab. When the bending occurred (due to the twisting of the 


forepart of the skull) the eye was considered half-way, when the pupil 
was in a line with the fin a little distance from the eye. 
The following curve represents the result :— 


There are several considerations that prevent me from thinking this curve: 


accurate, but since it fairly well represents the tendency of the rest of the 


specimens to fall into two groups, as well as the point where they over- 


lap one another, it is quite definite. The lower is taken to represent the 


plaice, with a maximum for this stage at 12mm.; the higher group, the 


dab, with a maximum at 15mm. Between 13mm. to 13'5mm. is the 
position where there is difficulty in separating the specimens at this stage. 

It might be thought that the lower group should represent the dab, the 
higher the plaice; but there are no specimens to support this view. 

It may also be thought that the curve only represents one species, the 
plaice, and that the small number of specimens accounts for the minimum 
about 13°5mm. Apart from the fact that a series of specimens represent- 
ing the upper group (figs. 1 to 13) differs in characteristics from a series 


representing the lower group (such as that given by Mr. Holt), from 10 
to 16-5mm. is too great a variation to ascribe to one species at this stage.. 


The presence of two species seems certain from this alone. 


All specimens below 13mm., with metamorphosis half complete or more 


than half complete, were separated as plaice, and all above 135 mm., with 
the eye not half-way, were considered to be dabs, This separation was 
found to agree with the general distinctions made by Mr. Holt, viz., at 
any length the breadth of plaice was greater than that of dab, metamor- 
phosis was further advanced, and for most there was more pigniene on the 
plaice than on the dab. 
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The variation in length when the eye is half-way is, therefore, for the 


Dab. Plaice. 
13°5 to 16°5 mm. 10 to 13°5 mm. 


Dr. Ehrenbaum* gives this variation for the plaice as 13 to 14°5mm. for 
living specimens. Mr Dannevig} places this stage at 12°4mm. for living 
specimens, If from 1 to 2mm. be allowed for contraction in spirit— 
measurements were made to find this contraction and gave this result for 
specimens about this length—then my results agree partly with Khren- 
baum’s, viz., from 11°5 to 145mm. The maximum was 12mm., which, 
allowing for contraction, becomes about 13mm. for living specimens, 
somewhat greater than the length given by Dannevig. Artificial and 
uniform conditions perhaps account for this last result. Dannevig does 
not mention any variations in length. 

Measurements were also made of the breadths at this stage :— 

For the Dab. Plaice. 
3 to 5mm. 3 to 55mm. 

Only one specimen of the dab 165mm. in length reached 5mm. ; 
4‘5mm, was the greatest breadth for the others. The average for the 
dab was 3°8mm.; for the plaice 453mm. Dannevig gives 4°8mm. for 
living specimens of plaice. Lengths were measured from tip of snout to 
end of caudal fin-rays; breadths, across broadest part of body, excluding 
the median fins. 

The determination of the lengths and breadths at complete meta- 
morphosis is the next point to be considered. Some specimens 
below llmm. were found with metamorphosis nearly complete— 
metamorphosis being considered complete when the dorsal fin was at 
least halfway along the border of the left eye, but these specimens were 
evidently much contracted. On the other hand, there were specimens at 
145mm. with metamorphosis barely complete. These specimens were 
considered to be plaice from their great breadth. 

The variation in spirit specimens is, therefore, from 12 to 15mm. 
For living specimens this would be from 13 to 16mm. 

Specimens were collected from the rock-pools and the harbour during 
the months of May and June. The smallest completely metamorphosed 
was 14mm., and the largest incompletely metamorphosed was 15°‘Dmm. 
From 14 to 16mm. would, therefore, represent the variation in the 
specimens during the past year, 1897, but 13mm. represents better the 
lower limit for former years. Ehrenbaum would make this variation 
from a little under 14mm. to 18mm. For spirit specimens the average 
length is between 13 and 13°5mm., which, for living specimens, means 
over 14mm. Dannevig gives 13°76mm. as representing the length of 
the specimens reared artificially. 

The breadth of the plaice when metamorphosis is just complete is 
from 5 to 6mm.; none with breadth below 4°8mm. were found with 
metamorphosis complete. On the other hand, several with breadth 
5‘5mm. were incompletely metamorphosed. Dannevig gives 64mm. for 
living specimens. ‘To ascertain the limits of complete metamorphosis of 
the dab one must reason from the spirit specimens. The smallest almost 
complete is 15°25mm.; another in exactly the same phase is 18mm. 
Two specimens at 17mm. and18mm. have completed metamorphosis. 
A number of specimens at 16mm. are incomplete, and in one, 16°5mm., 
the eye is only half-way. The limits in spirit are therefore 15°5mm. 
to 18mm., and, in the living condition, from 16 to 19mm. probably. 


* Loe. cit., p. 265. 
+ Loc. cit., p. 187. 
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These were considered to be dabs; the incompletely metamorphosed 
because they fell within the upper of the two groups already dealt with, 
and because they led, by gradual steps, to dabs, with all the adult 
characteristics. 

An important point which arose at this stage was the determination of 
the length at which the lateral line appeared. Mr. Holt states that there 
were traces of a lateral line present in a dab of 15:25mm., and in his | 
drawing (fig. 115) represents it as extending the whole way along the 
bedy. ‘The lateral line is not developed all at once, and there are two, if 
not three, successive stages in its appearance. It first appears on the 
tail region, from the abdomen to the caudal fin-rays, and about the same 
time on the head. The intermediate portion, the bend over the 
abdomen, is not present till much later. This is the case in the flounder, 
plaice, and dab. There are markings on the skin, lines clearer than the 
surrounding tissue, which might be mistaken for the lateral line, but 
closer inspection shows they are the tracings of the superficial nerves, with 
little resemblance to the trace of the lateral line, which looks like a string of 
beads. Sixteen specimens of the dab between 15mm. and 26mm, were exa- 
mined. These led, by gradual steps, from the incompletely metamorphosed 
stages to those with lateral line complete, and in their elongated oval form, 
large eyes with large pupil, as well as their general pigmentation, showed 
the gradual assumption of characteristics of the dab. Im all these 
specimens the tail and head portions of the lateral line were present, but 
only in the largest, 26mm., were there signs of the markings growing out 
from the headiportion and tail portion to meet in the curve. 

In one specimen at 24mm., and those from 26°5 onwards, the lateral 
line was complete; 25mm., therefore, may be taken as the average 
lencth when the lateral line is complete in the dab, though the tail 
portion is present at 15 to 17mm. 

Dr, Petersen* states that the lateral line is complete in the dab at 
20mm., but, in all stages of metamorphosis, the dab, plaice, and flounder 
of Danish waters are earlier (assume the characteristics at a less length) 
than those of British waters. 

Similar examination of specimens of the plaice and flounder showed that 
the average length for the appearance of the complete lateral line was 
18mm. for the plaice, 14-15mm. for the flounder. In: the plaice the tail 
portion of the lateral line can be seen in some at 13°5mm., and it is com- 
plete in some between. 16 and 17mm. 

The breadth of the dab when metamorphosis is complete was deter- 
mined as nearly as possible. At 15:°25mm., metamorphosis hardly 
complete, the breadth was 4mm.; at 17mm., metamorphosis complete, 
breadth, 5‘5mm.; at 18mm., metamorphosis hardly complete, breadth, 
5dmm.; at 18mm., metamorphosis complete, breadth, 65mm, The 
breadth at complete metamorphosis is therefore from 5 to 65mm, 

At these stages, when the adult characteristics are. gradually being 
assumed by the plaice and dab, Dr. Petersen gives the size of the pupil of 
the eye as a guide, the pupil in the dab being twice the size of that in 
the plaice. Measurements were made of the pupil at different lengths, 
with the following results :— 


Dab Plaice 

At 14 mm : mm a mm 
15 . . 

Vag iad ae 

21 to ' 25:35, “Hees cpt 


* Loc. cit., p. 127. 
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Dr. Petersen’s specimens may have been measured when alive, and 
unequal contraction may account for the approximation of these sizes; 
but the conclusions from these measurements are that for the pelagic 
stages, free-swimming, the pupil of the eye is of the same size for both, 
the difference being so slight as to come within the possibilities of errors 
in measurements, and that, when the plaice takes to the shallow waters 
at the tidal margin, and the dab sinks to the bottom in deeper waters, 
the pupil of the dab increases in size faster than does that of the plaice. 

A note was also made of the number of fin-rays, though at these early 
stages, when the bones are not hardened, the fin-rays are most subject to 
injury. For this reason only a few, in comparison with the large 
number that had to be disregarded, could be counted. The numbers are 
contrasted with those given by Day* and Peterseny. 


For Dab, D. 79 to 77. Day, D. 65 to 78. Petersen, D. 65 to 73, 
F A. 50 to 61, 3» A. 60 to 62: “f Awl tooo: 

For Plaice, D. 68 to 77. na 66 to 77. ss 61 to 80. 
a A. 50 to 56. " 50 to 57, si 46 to 57. 

For Flounder, D. 58 to 64. . 60 to 62. as 49 to 65. 
1, MSS to 46! , 39.to 45. Mf 33 to 43. 


The point worthy of note is the great variation of the flounder and 
plaice recorded by Dr. Petersen. D. 60 to 62 for the flounder, given by 
Day, does not represent the variation in the number of dorsal fin-rays. 

Mr. Cunningham{ has recently given a large enumeration of the 
variations in characters of plaice from different regions. The variation 
in fin-rays is D. 67 to 81, A. 49 to 60. The higher numbers occur more 
frequently in the females, and more frequently in those from the south 
of England than in those from the east, but the difference is slight. 

The question of the distribution of pigment is the most difficult to 
deal with, especially from spirit specimens. Mr. Holt says that “a 
general pigmentation of the ocular side is assumed by the young plaice at 
a smaller size than in the case of the dab.” Since metamorphosis is 
complete in the plaice earlier than in the dab, and the young plaice sink 
earlier to the bottom, this general pigmentation is the consequence. 
During the pelagic stages the distribution of pigment on the plaice and 
the dab is the same for the most part—a varying number of groups along 
the interspinous regions and on the fin-rays, along the lateral line, and 
detached spots over the rest of the body and on the head. This seems to 
be the maximum of pigment, and varies considerably. It is present on 
both sides, though fainter on the left, during the transformation stages. 
It seems, therefore, to have its origin during the symmetrical and early 
transformation stages, 

When the pelagic stage is prolonged, as in the dab, long rough dab, and 
lemon dab, black pigment appears along the lines of the myomeres. Its 
presence is very variable, however. If pigmentation depend upon one 
chemical compound, and the various colours are simply the result of the 
presence of this compound in varying quantities—the smaller quantities 
giving rise to red or yellow, etc., a large quantity giving rise to black—it 
can be understood why black is more permanent than the others, and why 
what is coloured red or orange in one form is black in another. In living 
specimens of the early transformation and symmetrical stages one would 
expect to see coloured pigmentation on fin-rays and interspinous regions 
where afterwards the black appears. While the pigmentation of the 
plaice and the dab is the same during the pelagic stages, the increase of 
pigment in the plaice at an earlier stage is a secondary effect, due to 

* Day, British Fishes. 


+ Loe. cit., p. 128, 
+ J. M. B. A., March, 1897. 
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its earlier (in length) metamorphosis and the assumption of new 
surroundings—it is an adaptation to life on the bottom. If, however, 
the pelagic stage is prolonged, as it is for many, the pigmentation is no 
guide. The presence of a large amount of pigment at an early stage, say 
12 to 13mm., is a positive index that the specimen is a plaice, because 
it will accompany a greater degree of transformation; but its absence is 
no indication that the specimen is a dab. 

The pigmentation of the young plaice when they come into inshore 
waters varies with the ground they are on, being a dull grey in those on 
muddy ground, a light yellow in those from sandy pools, ‘The dull grey 
colour is also seen in the flounder. This pigmentation is due to a deposit 
in the epidermal cells, being general all over the body. At this time, 
also, the first indications of scales may be detected. 

All stages, from the clear transparent forms, with the pelagic pigmenta- 
tion only, to those with very dense dull grey pigment, were obtained 
from St. Andrews harbour during May and June. The presence of these: 
two forms, apparently distinct so far as pigment is concerned, might lead 
one to think that both the dab and plaice were present. The flounder, 
of course, is quite distinct ; but the presence of transitional forms leads 
to the conclusion that the clear and transparent forms are the more recent 
arrivals from deeper waters. Forms resembling Mr. Holt’s dabs (figs. 
112 and 113, l.c.) were obtained, and this first led me to suspect that his 
separation of these species was not the correct one. 

When these specimens are examined under the lens or microscope a 
beautiful play of colour will be seen along the lines of the myomeres—tred, 
orange, or yellow. If these colours are dependent on the presence of one 
substance in the tissues, then an increase of this substance along the 
lines of the myomeres will appear black, and thus the condition is 
arrived at which Mr. Holt considered characteristic of the long rough dab. 
The presence of black along the myomeres has some connection with the 
free-swimming pelagic stage. It does not appear to any extent in the 
plaice and flounder; in the dab it is present in some more than in others, 
depending, apparently, on surroundings. Specimens from the surface, 
fifteen miles from land, show it very distinctly, while it is scarcely 
present in the specimens taken in inshore waters; the long rough 
dab shows it to a marked degree, and it is also present in the 
lemon dab. One might almost think, therefore, that the early assump- 
tion of general pigmentation by the plaice, and the presence of the 
myomeral pigment in the prolonged pelagic stages of the dab, would 
serve to distinguish these forms, but the possibilities of pigmentation in 
these flat-fish, shown by Prince and Cunningham, make reasoning from 
pigmentation alone somewhat precarious. 

The groups of pigment on the body of the dab in the pelagic stages 
seem to break up afterwards into a number of scattered spots (fig. 13). 
This is seen in those which are almost transparent, but as only spirit 
specimens were examined, the grouping may be present under natural 
conditions. At the same time, a slight yellowish brown colouration 
appears, corresponding to the dull grey brown of the plaice, and this later 
deepens into the reddish brown of the adult, though this varies with the 
ground the dab is above. 


SUMMARY OF THE DISTINCTIONS BETWEEN THE PLAICE AND THE Dap. 


The endeavour has been to show the limits of the variations in the 
young stages of these forms. It is quite possible that the variations 
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under natural conditions may not be so great or may be greater, but 
since the conclusions have been based on such a large number of 
specimens these limits should be fairly representative. Since these 
results are for spirit specimens, the results of Ehrenbaum and Dannevig 
for living specimens have been compared with them. (1) Below 9mm. 
the plaice is distinguished by its proximity to the larval condition. (2) 
Between 9mm. and 10mm. the two forms are very much alike, the dab 
being, if anything, rounder in head and body. (3) Between 10mm. and 
13mm. the plaice is distinguished by its earlier metamorphosis, greater 
breadth, and, to a certain degree, by greater amount of pigmentation. 
(4) Above 15mm. the plaice is distinguished by these same characteristics, 
and by the gradual assumption of adult features. Between 13mm. and 
15mm. these distinctions hold for the majority of forms, but there are 
specimens in the collection about which there is some doubt, due to the 
late assumption of complete metamorphosis by some of the specimens of 
the plaice, and the early assumption of this stage by some specimens of 
the dab. This difficulty, which will be between 14mm. and 16mm., 
may not exist for living specimens, because contraction by spirit. will 
affect the dab at this stage more than the plaice. When metamorphosis 
is half complete, or about this stage, there is a bend in the dorsal fin, close 
to the left eye, in the plaice which is not present in the dab. 
Definite measurements are given in the Table of Characteristics. 


Lone RouaH Dap. 


The eggs of this form occur with those of the plaice, and are common 
in the months of March: and April, both on the east and west coast of 
Scotlaud. A large number of specimens are present in the collection, 
which, from their occurrence with the plaice and dab in such numbers, 
are most likely to be long rough dabs. In size they range from 4mm. to 
21mm.; from the larval condition to when the left eye has begun its 
migration but is not yet half-way. These later post-larval specimens 
agree with the drawing of Dr. Petersen. This observer does not mention 


the size of the specimen, but, judging from those ‘in the collection, it 


would be from 18mm. to 20mm. long, though it may have been smaller, 


‘since the other flat-fishes of Danish waters undergo metamorphosis sooner 


than those of British. With the exception of some doubtful damaged 


ones, all the specimens ascribed to this species are very distinct from those 
-of the other species, and possess the characteristics given by Dr. Petersen 


—‘‘particularly projecting stomach region and the concave profile of 


‘their heads.” 


The specimens described by Mr. Holt differ from these in many respects. 
His smaller specimens, from 8*7mm. to 12°25mm., which are divided 
into two series, seem to be of this species, the difference in the degree of 
transformation being quite within the limits of variation, which is 


considerable in these forms, as shown by the plaice and the dab. There 


are several important differences in these from those of the North Sea. 
As Mr. Holt remarked, the concave profile of the head is hardly evident 
in his specimens, nor is the projecting stomach region; development is 
further forward also. 

What is so noticeable in the specimens from the North Sea is the 
peculiar manner in which the fin-rays appear. Their first appearance, 
between 9mm. and 10mm.—this is in agreement with Holt—is half-way 


along the dorsal and ventral fins. Between 10mm. and 14mm. they 


increase forwards to the head and backwards to the tail. This is not 


236 Part I11.—Siateenth Annual Report 


remarked by Holt. From 12mm. to 17mm. there is very little change 
in the degree of transformation, though variations are numerous, and in 
one or two the left eye has begun to migrate before 15mm. 

The fin-rays increase from the small numbers given by Holt—D. 
67-70, A. 54-58, to D. 77-82, A. 58-61. 

The fact that the fin-rays are just appearing between 8mm. and 10mm. 
together with the elongated form, the pointed appearance of the head, the: 
large mouth and mandible, and the amount of pigment along the myomeres, 
leads one to think all these figures of Holt already mentioned as of this. 
species, The various stages in development appear sooner, however. In his 
shorter series, which are not so like the long rough dabs of the North Sea as. 
the elongated series, the notochord does not project beyond the bypural 
structure at 9°37mm.; in the specimens from the North Sea it is seen at 
16mm. in some. In the largest specimens from the North Sea, 21mm., 
the left eye is not yet half-way. There are no specimens later than this,. 
but, judging from these, metamorphosis cannot be complete until nearly 
30mm. Mr. Holt shows a specimen at 27mm., metamorphosis com- 
plete. Otherwise the specimens from the North Sea are in series with 
this specimen, the largest being 6°7mm. broad where this is 8mm. 

Mr. Holt has filled up the gap between 12°25mm. and 27mm. by two- 
specimens which closely resemble the dab of the North Sea. The 
distinctions between the two species at 13 to 15mm. in length are given as 
“the larger mouth in the long rough dab.” This, however, is not so 
evident as in the smaller specimens at 9 to llmm. ‘The asymmetry of 
the head is more advanced in the common dab than in the long rough 
dab ”—but if fig. 102 (long rough dab), 13°87mm., be compared with 
fig. 114 (common dab), 14°5mm., there seems little ground for doubt 
that the two are of the one species. It was because he mistook the 
variations of the plaice for dabs that Mr. Holt has considered the common 
dab as the long rough dab. Another difference mentioned is the presence: 
of pigment along the lines of the myomeres, but, from what has been 
said before, this is not altogether diagnostic, and is present in the 
common dab, 

Fig. 103, length of specimen 14:77mm., described by Mr. Holt, had a 
fin-ray formula of D, 80, A. 62. This certainly is beyond the limits of 
the common dab, but in all other characters, breadth 4°75 to 4°87mm.,. 
length of caudal fin, 2°6 to 2°7mm., degree of metamorphosis, they are like 
the dabs of the North Sea. On the other hand, they are very different. 
from the specimens of the long-rough dab. The drawings and the 
characteristics given in the Tables sufficiently describe the young post- 


larval stages of this species, so that no further explanation is needed here. ~ 


Tue LemMon DaB AND THE FLOUNDER, 


It is unnecessary to refer to the characteristics of these forms in any 
detail, they have been so clearly defined by the writer already quoted, 
The distinguishing characteristics are drawn up, from personal observa- 
tions, in the following Table. 

In connection with the lemon dab, it has to be mentioned that contrac- 
tion, due to spirit, is very considerable during the early stages. Thus, 
some specimens at 9mm. in length were found to have the fin-rays. 
developed, whereas some over 10mm. had no trace of them. Again, 
specimens at 16mm. had the eye half-way, and various others from that 
size to 25mm. were in the same stage. In all cases. where contraction 
is great it is easily. detected by the folds of the fins, This was also 
noticeable in many specimens of the long rough dab, LGA” See 


Lemon Dae. 


Lone Rover Das. 


FLOUNDER. 


Puairon. 


| Lergtts im | 
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Data or Conuection, Distrispution, &c. 


A large number of specimens were omitted from these data, either — 
because they were doubtful or belonged to other species. The doubtful 
specimens were mostly in the early post-larval stage, from 3mm. to 6mm. 
Sufficient remain, however, to illustrate the main facts of distribution. 
The distribution of these post-larval forms is connected, on the one hand, 
with the spawning areas of the adults and the distribution of the eggs ; 
on the other hand, with the migrations and distribution of the immature 
fish, 

Dr. Fulton,* in the 15th Annual Report of the Scottish Fishery Board, 
has described the results of the experiments on currents which were 
carried on for some years on the east coast of Scotland. In this paper 
(p. 334) he shows that the distribution of the eggs, larval and early post- 
larval stages, is due to the existence of currents, tending in the main, and 
for the greater part of the year, in a southerly direction along the east 
coast of Scotland. These are surface currents, probably extending down 
to at least 6 or 7 fathoms, but it is quite possible that the whole depth 
of the water has a similar movement. Certain influences cause variations 
at particular places and seasons. ‘‘ In confined areas, like the western 
part of the Moray Firth and the Firth of Forth, the movement of the 
surface water is irregular, and depends upon variations in the winds and 
tides.” 

The distance over which the eggs will drift depends upon the length 
of time the young embryo is in the egg, other things being equal, and 
the time taken to pass through the larval and early post-larval stages. 
Only for one form, the plaice, has this period been determined; and Dr. 
Fulton, reasoning from this, thinks that the eggs of the plaice may travel 
50 miles or more, and that the young plaice found on the sandy beaches 
may be from 60 to 100 miles from the spawning ground of the adults, 

In the same number of the Reports, Professor Clevey, of Upsala, gives 
a short sketch of a theory on the distribution of currents. These 
currents are characterised by different marine organisms, crustaceans, 
diatoms, flagellates, etc. 

The importance of this theory lies in the aid it gives to the under- 
standing of what becomes of the post-larval stages. If the eggs and 
early post-larval stages are subject to drift, the late post-larval stages are 
admitted by Dr, Fulton to be able to look after themselves. When 
these young forms come into inshore waters it is found, as will be shown | 
by the data, that there is a complete separation of these species from one 
another, These currents may have something to do with this separation, 
in addition to the inherited tendencies in the different species to seek 
different habitats and different food. 


PLAICE. 
AARP {i 
Number of; Length in 
Date. Net. Place. Specimens. mm. 


ee 


April 3, 1893} Midwater East of May, 1 12 

», 16, 1887 mn St Andrews, ... 1 pe 
» 17, 1895 _ Station I., Forth, 2 12, 12"5 
», 23, 1888 me St Andrews, ... 8 Larval 

"96, 1889 ¥ i HUTS 1 Larval. 
5, 28, 1887 iv - 4 fathoms, 2 10, 10°35 
», 19, 1895 Bottom 4 Re re 1 85 | 
»> 20,1890 s Station VII., Forth, 1 ee 


* The Currents of the North Sea, etc., p. 334. | 
+ Report on the Phyto-Plankton, etc., p. 297. 
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PLAIcE—continued, 
Number of} Length in 
Date. | Net, | Place. Specimens oi 
May 1, 1890 Surface Station V., St Andrews, 1 11 
3) ~ 12, 189 3 Station I., in 2 10°6, 11 
re Se a | Forth, fay 4 13 to 14 
ees Oy. LODO us | St Andrews, ... 4 12 to 14 
», 10, 1893 53 ) a + # 1 10 
», 18, 1893 if | 2 Le La RS 
», 20, 1890 x5 Station I. , Aberdeen, a 4 10°56, 12°5 
»» 22, 1894 if ee Montrose and Aber- 5 13 
| dee fs 
» 2/7, 1891 - Station IIT.; Forth, - 2 9, 11 
» 2/7, 1894 ee Cross-section i, south half, 1 10°5 
Aberdeen, . ‘ 
#0 28,1891 ce Station V., Section IT. 1 10 
», 9, 1890; Midwater § Kast of Inchkeith, Forth, 2 6°5 
woe sak, LOae vs | Liston Bank, He 5 6 to 11 
», 10, 1888 4 St Andrews, ae 1 11 
99.) bd: 1882 a 4 miles east of May Tsland, 1 9°5 
10 fathoms, ‘ 
»,_. 26, 1892 West of Liston Bank, 2 8, 10 
33 ~28;.1892 . St Andrews, ... 2 10°5, 12 
ss) 31, 1892 + Cross-section EER, Forth, 1 8 
eure, Lee Bottom | Station V., Si Andrews, y 11 
ty ed, 1890 5 | Stations IV. and TB 4 6 
9 2 1893 F Station IV., Moray Firth, . 33 |_ 6 to 105 
4ychor ey eae _ | Station Vix * 40 Early post-lar- 
: val; other 
forms present 
» 3, 1893 bg | Station IT., : 9 6°5 to 11°5 
,, 17, 1892 i "Station VIL., Forth, he 3 8°5 to 9°5 
»» 20, 1890 | r | pia I. and ia Aber- 6 10 to 11 
dee | 
ji 21,1895 Bs | Stations I. and IV., Forth, 4 | 8 to 10 
ae eee BROT ‘, _ Aberlady Bay, Sey 8 to 9 
»» 24, 1892 35 Station 0, Forth, iE 9 
|, 26, 1890 i Cromarty Firth, 9 Si} 8, 9 
is ie ae ve Station IV. , Moray Firth, . . 3 12 to 12°5 
“ 22, ie \ y | Harbour, burn, etc., etree vf } 13 to 20 
aoa Eden, ... as 12 to 27 
June 1, 1892 Surface Between Hirwit and ° Rost, 2 10, 12 
. Forth, by a 
3) 2, 1893 : Station ke, Forth, . reo 1 12°5 
get 24) Os 805 ‘# Station IV, St Andrews, a 1 10°5 
»» 7-8, 1888 - | St Andrews, ots ik re 15 10 to 13°5 
We) Oy. LOG ES Station I., Forth, 12 8 to 12 
4s) 19,4892 vs Station Vie Forth, af 1 11 
» 9, 1891|} Midwater Round Island of May, 6 to 8 4 8 to 12°5 
| fathoms, ... aa 
yO, LOUD | $) Station VIL, Forth, | 1 9 
>) 29, 1887 | 5 In Harbour, a aS 1 10 
55. 1, 1889 Bottom St Andrews, ... 3 11 to 12 
Os ty. doe: x > i 10 13 to 13°5 
av; 8; 1888 of r e te se ay 5 10 to 12 
sae 105.1887 3 Kinness Burn, in brackish 10 15 to 17 
water, ait a 
o Rock-pools, ... Large 13 to 27 
Biss number 
a 12, el \ ” Harbour, ” 13 to 22 
J uly 8, 1891 Surface Largo Ray, ... 1 li 
sy») 9, 1881 3 Station V., Forth, 1 10 
‘- 5, 1888 Bottom St Andrews, » 2 12, 12°6 
Aug. 4,1891) Midwater | Elie to Crail, 4 6 to 8 
Oy ESS s Bell Rock, 4 9 to 10 
», 26, 1888 fg St Andrews Bay, . 6 6 tol 
aS 17, 1891 Bottom Station VII., Forth, 7 6 to 10 
ae 17, 1886 $ - | Mouth of Eden, Large 12 to 15 
number 
Sept. 8, 1886) Midwater | Off Pier Rocks, St ay he 1 
as 18, 1888 F St Andrews Bay, 1 9°5 
» 24, 1893 Bottom Station I,, Forth, 2 10, 11°5 
Oct. ra 1884 BS Eden, . wi a 6 28 to 38 
Ni oy. 1, 1888| Midwater | St Andrews Bay, SP ek 1 11 
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Masterman,* in his review of the work of the Garland, 1890-96, 
gives the spawning period of the plaice as extending from the beginning 
of February to almost the end of May. Fulton (loc. cit., p. 370) gives 
from the middle of January to middle of May, with the maximum in 
early March. Allowing a little over twenty days for the period of 
incubation, the first appearance of the larval and early post-larval forms 
should be in the end of February and beginning of March. Their 
absence during this period can only be accounted for by the lack of data, 
for, at their first occurrence, April 3rd, 1893, to the east of May 
Island, they reach the length of 12mm., which shows that the eggs from 
which these earliest specimens were hatched must have been spawned 
some 50 dayst before—that is, in the earlier part of February. The 
maximum spawning period is in March, and this accounts for the profusion 
of young post-larval forms in May, two months afterwards. The great 
majority of the specimens come from St. Andrews Bay and the Firth of 
Forth—the eggs from which these were hatched coming from off the 
coast of Kincardineshire (Fulton, Jc, p. 374). So far as the few 
specimens from the north coasts, Aberdeenshire and Moray Firth, 
indicate anything, one may judge that the spawning season is the same 
for the whole East Coast. 

As to the later limit of the spawning period, the examples obtained 
point to the conclusion that, for some years, the spawning period is con- 
tinued into June, and perhaps later. Thus, the record for the year 1888 
is remarkable, examples being obtained in August, September, and 
November. Holt (l.c.) mentions that some plaice spawn during 
August. | | 

The majority of the specimens come from midwater and bottom, yet a 
great number are present near the surface, and these, the larger specimens, 
up to 14mm. ‘The smaller specimens, from 6 to 8mm., are not present 
anywhere on the surface, but are numerous in the midwater and bottom 
nets. Little reliance can be placed on the lack of specimens, but it seems 
as if the eggs, on floating shoreward, gradually sink, the specific gravity 
of the water becoming less, until the larve are in midwater. This is 
more clearly seen in the region of the Moray Firth. The young post- 
larval forms migrate of their own accord in search of food, or are drifted 
by the midwater currents in which they find themselves, either to the 
surface or bottom. This is the stage in which the mode of life of these 
young flat-fish is least known. It is reasonable, however, to conclude 
that when in a large moving body of water they swim equally in all 
directions, darting about after the organisms they feed upon, and thus, in 
the main, are subject to the influence of the current. 

Whatever be the mode of operations, the next stage finds the larger 
post-larval specimens close inshore, and shortly afterwards in the rock- 
pools. Although a large number of the small plaice are found inshore, it 
is possible that they are only a portion of the total. There is only 
negative evidence to show that these young forms must come into shallow 
water, Mr. Holt obtained his specimens from moderate depths, from 1 to 
32 fathoms ; the majority at less than uine fathoms. Plaice of 1 inch in 
length were obtained between 5 and 9 fathoms. 

As to the specimens which come into inshore waters, one simple reason 
for their appearance there is that they seek the food which is necessary 
for them at this stage. This does not seem a sufficient reason, because 
the plaice, as shown above, may undergo metamorphosis, and sink to the 


* 15th S.F.B. Report, p. 219. 
+ Danuevig, loc, cit, 
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bottom in deep water. It is doubtful, also, whether these young animals 
exercise discrimination in the choice of food, to such an extent, at any- 
rate, that food is the determining factor for the inshore migration. The 
currents in the North Sea are not sufficient either, though they form the 
most potent influence perhaps. 


In St. Andrews Bay, the Firth of Forth, and the Moray Firth there are 
conflicting elements, which tend to nullify the offshore currents. The 
shallower water is more easily disturbed by any strong wind, and the 
influence of the rivers has to be considered. Some consideration also 
must be given to the configuration of the land. Thus, St. Andrews Bay 
seems peculiarly adapted for the shoreward migration of the plaice. The 
~ North Sea current, deflected slightly by the current from the Tay, 
carries its burden of eggs and larvze along the southern shore. ‘The 
east winds are blowing, as a rule, during the months of April and May, 
bringing the forms near the surface close into the land; but it has been 
noticed that the young plaice do not appear on the shore when the east 
winds are prevalent. This year (1897), for example, they were late in 
their appearance—about the middle of May. It is commonly said here 
that the young plaice wait for a warm day on which to approach the 
shore. Perhaps the concomitants of the warmth have more to do with 
it. On the warm days the west winds are usually blowing, thus causing 
a surface current seawards. There is reason to believe that these outward 
surface currents are compensated for by bottom currents tending inward; 
or, rather, that the North Sea currents, strengthened by the easterly 
wind, continue their course even when the wind has gone round to the 
west, and so bring the young plaice shoreward along the bottom, the 
surface forms tending outward to the sea. 

The young plaice are first found on the shore in the beginning of May 
as a rule. During the month of May they enter the harbour of St. 
Andrews, and penetrate into the fresh-water burn which flows into it. 
They were never found beyond tidal influence. Until the middle of 
June, varying however, they are by themselves except for the larger 
flounders of the former years. As already mentioned, they are all of the 
same species; the dab is not amongst them. For a little over a month 
they monopolise the shallow water along the beach and the harbour, until 
the young flounders appear, and then, within the space of a fortnight, all 
the young plaice leave the harbour. The period when the young plaice 
and flounder meet was for this year (1897) the last fortnight in June. 
In 1887, however, it seems to have been the first fortnight, for the 
data show that the plaice and flounder were got together on the 8th June 
in the Kinness Burn, where it flows into the harbour. Dr. Petersen 
remarks that he never met with quite young dabs in shallow water 
or together with the fry of plaice and flounder ; also, that the young plaice 
appear on the shore a little earlier in the year than the young flounder. 


About a hundred of these young plaice, from 8mm. io 16mm., 
were examined to ascertain their food, but lack of time has pre- 
vented me from going very far into this portion of the research. ‘The 
early post-larval pelagic forms contained young Annelid larve, the ova of 
some crustacean (Calanus probably), Evadne nordmanni, and in larger 
specimens, 13mm., larval mollusks. The Annelids were mostly larval | 
nereids. A portion of a specimen resembling Autolytus was present in 
one at 14mm. Amphipods (Gammarus) were present in several. When 
the young plaice come into the pools and brackish water they seem to 
live mostly on one single form, a copepod (Tachidius brevicornis or 
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crassicornis*). Twenty of this species were found in the stomach of a 
plaice of 15mm. 

Several parasites that infest the young flat-fish have been mentioned by 
Professor M‘Intosh.f Several specimens of a species different from 
those mentioned by him were found adhering to the pectoral region, 
ventral and dorsal, of the young plaice and flounder, probably brought in 
from the sea.t 

The largest of the plaice taken from the harbour and burn was 22mm. ; 
they migrate about that size back into the salt water. Specimens 
from three to four inches were obtained close to the rocks by the pier. 
It is possible, however, that even at this early stage they begin their 
northward migration.§ At the mouth of the Eden they are obtained of 
a size from 12mm. to nearly 4 inches during May to September. The 
rate of growth of the plaice has been sketched by Masterman. | Foot- 
note Thirteenth Annual Report Fishery Board for Scotland, Part III., 
p. 289. ] 


* T. Scott, 10th S.F.B. Report, p. 250. 

+ ‘‘ Researches,” p. 848. 9th S.F.B. Report, p. 330. 

+ On these Mr, Calman, B.Sc., to whose kindness I am much indebted, has made the 
following note :— 

The three specimens sent are the Praniza or larval form of a species of Gnathia 
which I have not been able to identify. It differs from the common Gnathia 
maxillaris Mont., and, indeed, from all the forms described in Spence, Bate, and West- 
wood’s British Sessile-eyed Crustacea, and in Sar’s Crustacea of Norway, vol. ii., in 
the short and rounded telson, which is much shorter than the inner plates of the 
mopods. I have compared the specimens with a series in the Museum of ge ax 
College, comprising many stages of both sexes from different parts of the Britis 
coasts, and have found none to agree with them in this respect. It is almost 
impossible, however, to determine the species with certainty until the adult forms 
have been found. The occurrence of a species of this genus in fresh (or brackish) 
water is a very interesting, and, so far as I know, a new observation. we 

- 150, 


University College, 
Dundee, 28th October 1897. 
§ Migrations of the Food-Fishes. Dr. Fulton, 11th §,F.B. Report, p. 176. 


Apr. 8, 1895 
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», 16, 1894 
5, 19, 1894 
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», 10, 1888 
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Oct. 2, 1887 
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Mar. 4, 1892 
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Size in 
mm. 


10 to 16 
15 
14, 16°5 
15 
6 to 12 


5 to 12 
8 to 14°5 
9, 14 
Larval 
11, 18 
5 to 1l 
13; 15 
5 to 12 
5 to 15 
13 to 15 
fn 9 Ee) 
8 
6 to7 
6 
18, 21, 26 
36, 37°5, 40, 42 
14°5 
LT, 12°5 
15°5, 37°5 
4 to 6 
7 to9 


48°5, 59 
5 to 8 


5 to 8 
11°5 to 15 
9 


5 to7 
46, 49°5, 53°5 
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The dab spawns both in inshore and offshore waters. Its spawning 
period lasts (Fulton, /.c.) from the end of February .to middle of July, 
with the mean in April, May, and June. It may extend later, however, 
for (Masterman, /.c.) its eggs have been obtained throughout J uly to the 
end of August. 

The data correspond, for the earliest, obtained in April, must have been 
spawned in February, six weeks before; the latest, at the end of 
September, must have been spawned in the beginning of the month. 
This is of importance in conection with its rate of growth. Mr. 
Williamson,* taking the spawning period as from March to mid-June, 
calculates that a dab grows to 60 or 70mm. in one year. Even on the 
extended period this represents the average growth. A series of larger 
forms have been given for each month in the year, except May, and it is 
not difficult to trace approximately the rate of growth, but, as this has 
been done by Williamson, and the conclusions are much the same, there 
is no need to go into details. 

Turning to the pelagic forms, it has to be noted again that the larval 
and early post-larval specimens are obtained from the midwater and 
bottom nets; only once was a specimen 5mm. long taken on the surface 


in company with others 12°5mm. in length. The later post-larval _ 


stages are found on the surface, midwater, and bottom. The offshore 
distribution is noticeable in contrast with that of the plaice. Professor 
M‘Intosh,7 in 1884, made a reference to the large number of immature 
examples of the dab, from 2? to 6 ins, which were obtained from the 
deep water 15 miles from St. Abb’s Head, more especially during July 
and August. No young plaice were found in their company, and he 
concludes that the occurrence of such small specimens so far from land 
would raise a doubt as to whether all the young forms have been reared 
inshore. A large number of the young dabs of the same size were also 
obtained in St. Andrews Bay, a wile or two from land, in about 4 to 6 
fathoms of water. Close inshore the young dabs are not taken except off 
the rocks ; some few are taken at the mouth of the Eden. The distribu- 
tion of the young dabs from 1 inch onward is thus extensive, and there 
does not seem any need of supposing that any great migration of the 


adults takes place. From the early post-larval stages tle dab is near the | 


haunts of the adult. 

On the 16th to 19th May 1894, over 3000 young dabs, from 10 to 
16mm., were obtained, 15 miles from land, in the surface net. It is 
possible, considering the short period of incubation, that these specimens 
were not far from where the eggs were spawned, and it is possible, also, 
that they never migrate far from the spot where they were found. Some 
of the specimens (30) were examined as to their food contents. Only 
diatoms were found in their stomachs, and one or two were crammed full 
with them. The diatoms were of three distinct species at least 
(Coscinodiscus and others), but I have not been able to connect them 
with the scheme of Professor Cleve. Crustacea were present in the 
water, though none were found in the stomachs of the specimens 
examined. A difference was noted between the deep-sea and the inshore 
specimens (figs. 8, 9, 10). The deep-sea specimens were longer at each 
stage during metamorphosis—thus, the eye was halfway at 15 to 16mm., 
whereas, in the inshore forms, 14 to 15mm. was the rule. Black pigment 
was very well marked along the base of the fins, etc., in deep-sea 
specimens, and the lines along the myomeres were present. Though 
present it is not so prominent in the inshore forms. 


* Rate of Growth of Certain Marine iat 11th $.F.B. Report, p. 265. 
+ Commission on Trawling, 1884, p. 
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Lone Roven Das. 


Date. | Net. | Place, Bitcons Size in mm. 
April 18, 1895 | — Surface Station IT., Forth, ... 1 9°5 
May 7, 1892} Midwater | 7 miles §. SE. of Bell Rock, 9 7 to 15 

4 81,1891 2 4 miles HE. of May Island, 10 3 4 to 10 
fathoms, 

5° 15, 1890 ‘ Station VIII., Forth, 11 10 to 21 

5» OL, 1892 = Cross-section ITI., Forth, 5 11 to 14 

1» ~& 1898 Bottom Station [V., Moray Firth, ... 1 9 

5» Ld, 1898 e Station VI., Smith Bank, ... 3 8 to 11 

yy 22) 3896 a St. Andrews... 5 4 to 11 

yy 20, 1890 ef Station ITI. , Aberdeen, 4 10 to 12 

55 22, 1892 is. N.W. of Aberdeen, . 5 | 10 to 14 

5» 20,5, 1895 . Station VIT., Forth, 2 | 5, 9 

5, 26, 1892 " Between Liston Bank and | 13 / 8 to 11 
May Island, 

» 24, 1892 1 Cross-section IL., North half, | 4 5 to. 14 
Forth, 

sy 28, 3895 | : Station VILL , Forth, 2 7,8 

June 1,1888| Midwater | St. Andrews, al 6 | 1t012 

» 9 1892 | i Stations VIII, and ad 8 9 to 21 
Forth, | 

»,. 10; 1892 . Stations I, and IJ., Forth,. 6 | 2 tel7 

»» Ld, 1892 " Station V., Forth, ... ¥| 3 | 6 to 13 

5, 18, 1888 Ms St. Andrews, be ie 3 | 8to9 

s, 1b, 1892 és Station II., Forth, ... 0 | 9 to 20 

», 22, 1893 Bottom pp section 1a South half, 1 | 14 

rth, 
sje ey 89S i 12- “yi miles off ees sae 1 18 
94° 1895 is SOY Ta renee 2 | 8, 12 


Dr. Fulton gives the spawning period of the long rough dab as from 
the end of January to middle of May. The collections fairly well 


correspond with this. There are no specimens during March and the 


first part of April, and no specimens after the 24th of June. - The latter 
fact is remarkable. The largest specimens, with metamorphosis barely 
half complete, were 21mm. long. Specimens from that size onwards are 
absent. The conclusion seems to be that they disappear from the inshore 
water, migrating seawards. 

Whether they migrate by instinct or are drifted by currents may be 
disputed. If drifted by currents, then there must be undercurrents 
tending from the shore out to the sea. Only one specimen was obtained 
on the surface far up the Forth; all the others were from midwater and 
bottom. Professor M‘Intosh, on the Trawling Commission, found the 
young long rough dabs, from 14 to 34 inches, in company with the dab on 
the ground 15 miles off St. Abb’s Head; also off St. Andrews Bay and 
Aberdeen Bay. The long rough dab, therefore, corresponds closely to the 
off-shore specimens of the dab. It does not appear to frequent the 


~ inshore waters. 


The data are too few to give any accurate notion of the rate of growth ; 


F but, if the specimens from Station VIII., Forth, on 15th May, be 


considered, the largest, 21mm., can be chosen to representthe earliest 


hatched. Taking 18 days as the period of incubation during February— 
itis 16 days during March (Fulton) and a similar period for the larval 


stage (M‘Intosh)—and calculating from the lst of February, this specimen 


has taken a little over two months during the early post-larval stages 
alone. Possibly another four weeks might be required to complete 


ee erences, though it may be very rapid during its later stages. 
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FLOUNDER. 

Date. Net. Place. tee Size in mm, 
April 13, 1889 Bottom St. Andrews Bay, 3 7°5 to 8°5 
», 27, 1889 %3 » 1 8°5 
May 31, 1892 Surface Station II., Forth, ... ee 2 5,7 

», 91,1892] Midwater | Cross-section III., Forth, 7 3 to7 
North half, 
3 | 61891 Bottom Station IV., Forth, . 1 4 
5, 20, 1890 7 Station I. , Aberdeen, 4 5 
5) 28, 1890 ag St. Andrews, ... : 1 8 
59 29; 1890 “3 Moray Firth, 4 4to7 
June 9, 1892} Midwater hg bs VIIL, Forth, 7 5 to 8 
9) 20, 1588 5 In Harbour, ... 1 8 
5 Upypkeeo Bottom St. Andrews,. 1 8°5 
3s 6, 1895 3 Station IV., St. Andrews, .. q 7 
+50 > 4087 a3 Kinness Burn, Z 8 10 to 12 
8, 1887 i 1 21 
J uly 5, 1888 . St. Andrews Bay, 2 8 
” 8, 1891 " Kirkcaldy Bay, 2 8, 9°5 
a 16, 1895 Ce St. Andrews, 1 8 
5» 22, 1891 * Station IV., St. Andrews, .. - 6 
Forth and St. Andrews Bay.* 
55. 4h 61807 is Kinness Burn, ae ... | Large no, 12 to 21 
Aug. 18, 1891 . Station V., Forth, eae 1 8 
Sept. 10, 1888 | Midwater St. Andrews Bay, ... dae 1 6°5 


* Number of larval and early post-larval forms. 


Fulton gives the spawning period of the flounder as from the beginning 
of February to the end of June, Masterman from the beginning of March 
to the end of June. The number of specimens partly fits in with the 
latter period. It is strange, however, that no more specimens were 
obtained during April. The month of March does not seem to have been 
closely investigated for the young post-larval forms, none of the species 
being represented. The small number of specimens is striking, especially 
as the flounder produces more than four times the number of eggs that 
the plaice does, and fourteen times as many as the dab. The reason for 
this is that the flounder spawns in the inshore waters for the most part, 
and, therefore, that the young post-larval forms are never far away from 
land. The collections, which are taken from 7 to 10 miles to sea, contain 
the eggs but not post-larval specimens. Another reason for the small 
numbers is the early metamorphosis of the flounder. The pelagic free- 
swimming stages are from 4 to 9mm. only. A number of the early 
post-larval specimens from 4 to 6mm., which have been omitted from the 
list, may be flounders. 

As already mentioned, the young flounders enter the harbour here 
somewhat later than the plaice. This is remarkable, since, though 
spawned later than those of the plaice, its eggs hatch much quicker. 

Whatever be the reason, the young flounders appear in June while the 
plaice appear in May, and, instead of returning to the sea within a short 
period as the plaice do, they proceed far up the streams. 

The distribution of the lemon dab is held over for the present. 

In conclusion, I desire to express my obligation to Professor M‘Intosh 
for his kindly criticism. 


— =i @) a cee pine 
a C0 eee 
— = ‘i + C1 ee Se ae - er eee aw 
= ee ae aa \ <C/T eo 

z x me aN ete : —“é tes 


Rigeenouiee : 


A u ; 
en —— See APs 


L- 


A 


i wire a 
s 


s 
~ ‘ “sy 
‘ ‘ 
3 wat 
i 
: ¥ a 
< 
~*~ -” 
F = on 
~e = _ 
— ‘ 
' 
a. ¢ A J 
: J F » oe 
¥ ae Mf 


re 


“e 


2€. 


——— 


NY 


_ omer 


eee af 


a en Se : 


aietiadeeee —- 


—— 


of the Fishery Board for Scotland. 247 


EXPLANATION OF PLATES X. AND XI. 


The majority of the figures were outlined by camera lucida; those not 
so outlined were Figs. 9, 16, 25, 26, 31, 32. 


The pigment of Figs, 27 and 28 was not present in the spirit 
'-—s Specimens, and was drawn in from the figures in “ British Marine 
_ Food-Fishes,” 


Fig. 1. Dab, 5mm.,__... aie c. i x 10 nearly. 
Oe ee ne a fi nied 56,5 
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», 17. Long Rough Dab, 4°5mm., x 12 nearly. 
bee tc * 6mm., ... a a 
ithe: at 7mm, ... mer TC 
emp. AN CU Opaeeae os 
Prey Ae - 10mm., Ke. G: 
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ers i 14mm., x 654. 
95 24. Age 16mm., x 44, 
99 2D. EZ 18mm., x 44 nearly. 
»» 26. Fe 20mm., x 4 _ 
»» 27. Lemon Dab, 4mm., x 14. 
io, SSE ny 5‘5mm., x 10. 
%, 2% 3 7mm., KR 
53 00, ma 12mm., x 54. 
q ii OM <i 14mm., x 54. 
AS ae ns 19mm., A: 


As these Drawings were intended as aids to the separation of the 
different species, only the necessary details were drawn. Numerous 
other drawings, especially of the plaice, lemon dab, and flounder, will be 
found in the works of the authors quoted, 


Sie 
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XIL—THE INVERTEBRATE FAUNA OF THE INLAND WATERS 
OF SCOTLAND.—Parr VIII. By THomas Scort, F.L.S., Mem. 
Soc. Zool. de France. Including an ACCOUNT OF THE 
EXAMINATION OF SOME OF THE LOCHS OF SHETLAND. 
By Tuomas Scott, and Rospert Duruis, Fishery Officer. . 


PRELIMINARY. 


In submitting the results of some further researches into the distribu- 
tion of the fresh-water invertebrata, I desire first of all to state that, at 
the request of the Fishery Board, a certain number of the fresh-water 
lochs of Scotland are at present being examined at stated intervals and 
apart from the researches hitherto carried on. The purpose of this special 
work is to ascertain what effect—if any—seasonal variation has on the 
micro-fauna and micro-flora of the lochs ; whether there is a tendency on 
the part of these organisms to increase or decrease in number as the 
seasons vary, and to obtain a more exact knowledge of the effect this 
seasonal variation has on the development of fresh-water invertebrates 
and plants. Any other point of interest in connection with this inquiry 
that may be observed is also being noted. 

The following are the lochs that have been selected for special investi- 
gation :—Forfar Loch, near the town of Forfar; Loch Leven, Kinross ; 
Loch Lomond; Loch Katrine; Loch Arklet (situated between Loch 
Lomond and Loch Katrine); Loch Achray, Trossachs; Loch Doon, 
Ayrshire ; and Duddingston, near Edinburgh. Loch Lomond and Loch 
Katrine are typical deep-water lochs ; Loch Arklet and Loch Doon are 
upland lochs, and are situated at a considerable elevation above sea level, 
Loch Doon being about 660 feet above the sea. Forfar Loch, Loch 
Leven, and Duddingston, on the other hand, are all more or less typical 
low-lying shallow lochs. 

These lochs are being examined at intervals of about three months, and — 
the examination is made by tow-netting in the open water from a rowing 
boat. Two tow-nets of different degrees of fineness are used in this work 
—one of ordinary fineness for the capture of Entomostraca and similar 
organisms, and one of silk cloth, very small in the mesh, and made speci- 
ally for collecting Infusoria, Diatomacea, ete. Suitable portions of the 
shore are also carefully examined by hand-net, as numbers of invertebrates, 
instead of voluntarily resorting to the open’water, seek the shelter of the 
vegetation growing along the shore or in the shallows, and are usually 
only to be obtained there. 

But in addition to the examination of the lochs referred to, a similar 
series of observations are being made from time to time on board the 
Garland into the distribution of the invertebrates and algz of Loch Ness, 
Loch Oich, and Loch Lochy. The results of-this additional work will be 
incorporated with those of the other lochs, and will no doubt help to 
throw additional light on the conditions affecting the distribution and 
development of fresh-water organisms—organisms that directly and indi- 
rectly are the chief source of food of the fresh-water fishes. 

This inquiry into the seasonal variation of fresh-water organisms is not 
yet completed, and it may therefore be better to defer giving a detailed 
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report on the results obtained so far until the experiments are finished, 
when a full report on all the lochs under special examination will be 
prepared and submitted to the Board, 

But though it may be desirable at this stage of the special inquiry to 
_ defer the preparation of a report on any results obtained, it may not be 
out of place to state that a few interesting facts bearing on the distribu- 
tion of fresh-water ntomostraca have already been secured. In Loch 
Doon, for example, a Copepod (Diaptomus laciniatus) was discovered 
which has not previously been known to occur in Britain, and which has 
been found in only a few places on the continent of Europe, as at Kola 
(within the Arctic circle) in Lapland ; near Bergen in Norway ; in the dis- 
trict of Schwarzwald, Germany ; and in the Lake of Geneva—a distribu- 
tion which tends to show that probably the normal habitat of this species 
is in the lakes of alpine or sub-alpine regions. The occurrence of this 
species may also have some bearing on distribution in reference to surface 
changes, with which only the geologist can deal. Another Copepod 
(Diaptomus wierzejskit), hitherto comparatively rare in lakes on the 
mainland of Scotland, was found in Loch Achray; and a third member of 
the same genus (Diaptomus hircus) was moderately frequent in some tow- 
net gatherings from Loch Lochy and Loch Ness, which extends the dis- 
tribution of these species considerably. Moreover, a member of the Har- 
pacticida (Warenobiotus vejdovske’) that has once before been recorded 
for Britain was found moderately frequent in Loch Doon in December. 

Besides the discovery of rare forms, certain points of interest bearing 
on seasonal variation in the number of male Daphnia, and on some 
aspects of the question of the reproduction of the Eutomostraca in rela- 
tion to the different seasons of the year, are also being noted, and will be 
discussed in the report that deals with the results of this series of special 
observations. 

I pass on now to give an account of the examination of several fresh- 
water lochs of Scotland, apart from those referred to above, that have 
been investigated during the past year. They are described in the 
same order that was observed in a somewhat similar paper on inland 
waters prepared for last Annual Report. The description of the lochs 
is arranged under two divisions. The first division includes descrip- 
tions of a few lochs (other than those of Shetland), whilst descriptions of 
a number of the Shetland lochs are contained in the second division. 


DIVISION I. 


‘DEscrIPTION oF soME LocHS (OTHER THAN THOSE OF SHETLAND) 
EXAMINED DURING THE PAST YEAR. 


(1) Smatt Locw NEaR THE VILLAGE oF LocHRANZA, ARRAN. 


This small loch, or tarn, which appears to have been at one time con- 
siderably larger than it is now, was examined last year on the 19th of 
_ May, and at that time tadpoles were exceedingly numerous in the water, 

consequently Entomostraca, as might have been expected, were scarce— 
indeed there was little else besides tadpoles to be seen. It is probable 
that but for the presence of these hungry, ravenous creatures, the number 
and variety of smaller organisms would have been considerable, for, not- 
withstanding the conditions referred to, sixteen species of Crustacea were 
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observed : they include four species of Copepoda, nine of Cladocera, and 
three of Ostracoda. The names of all the species are given in the Table at 
the end of the paper, but the following may be specially mentioned here : 
Acantholeberis curvirostris, Drepanothriz dentata, Alona rustica, and 
Ilyocryptus sordidus. 


(2) Garry Locw on Ainsa Craig, FirtH oF CLYDE, 


This little tarn—all that now remains of a “lochan” that was once 
apparently of considerable depth—was visited during the month of May 
last year while the s.s. Garland happened to be at anchor for a short time 
under the shelter of the rock. Two species of Copepods and two of Cla- 
docera sum up the list of Crustacea obtained, yet three out of the four 
are comparatively rare. One of the Copepods was Moraria anderson- 
smithi, T. and A. Scott, and the other Cyclops bisetosus, Rehberg ; while 
one of the two Cladocera was Alona rustica, T. Scott, the other being the 
almost universally diffused Chydorus sphericus. 


(3) Park Locu, NEAR CAMPBELTOWN (CANTYRE). 


This loch is situated on the uplands to the north of Campbeltown 
(Cantyre). It appears to have been at one time much larger than at pre- 
sent, but portions at either end seem to have become gradually filled up, 
and thus reduced to a considerable extent the limits of the loch. In 
summer a fringe of luxuriant vegetation—extensive in some parts— 
stretches nearly all round the loch, and affords shelter and food to a rich 
Entomostracan fauna. Forty-seven species of Crustacea were obtained 
in some gatherings collected in August. A tow-net gathering collected in 
the open water by means of a rowing-boat yielded a large quantity 
of Entomostraca, but there was very little variety in respect of the num- 
ber of species. Most of the species mentioned in the Table under Park 
Loch were obtained in shore gatherings, collected with a hand-net. The 
Crustacea obtained in this loch comprised, 14 species of Copepoda, 17 
species of Cladocera, and 15 species of Ostracoda, and the Amphipod 
Gammarus duebent was also observed. The Copepods include such forms 
as Cyclops bicolor, Canthocamptus inornatus, and Canthocamptus 
schmetlit ; while among the Ostracoda were Candona hyalina and 
Darwinula stevensoni ; and Alona rustica among the Cladocera—all of 
which are comparatively rare. 


(4) Taney Locu, NEAR CAMPBELTOWN (CANTYRE). 


This loch, situated at the head of Tangy Glen, is a short distance north- 
westward from Park Loch, and occupies a somewhat higher elevation. 
The physical conditions are also somewhat different: the shore nearly all 
round is shingly or rocky, and consequently there is not such an amount 
of aquatic vegetation. Spongilla appears to be common in the loch: 
large pieces of it, partially decayed, were observed at various places along 
the shore at the time of our visit. Pelagic Entomostraca were common, 
but embraced few species, and it was found here, as elsewhere, that shore 
gatherings yielded by far the largest variety of forms ; but both modes of 
collecting are necessary, as some species are only to be obtained in the 
open water. Owing to the absence of vegetation the variety of the 
Crustacean fauna was less than in Park Loch: 27 species in all were 
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observed, comprising 10 species of Copepoda, 8 species of Cladocera, and 
8 species of Ostracoda, while a Gammarus (G. duebent) was also obtained 
here. One of the Copepods from Tangy Loch is Canthocamptus 
hirticornis, T. Scott, a species not hitherto observed in the Campbel- 
town district. A few molluscs, insects, and statoblasts of Cristatella, as 
well as some other forms, were also observed in the gatherings. 

{n referring to the statoblasts of Cristatella, it seems necessary to draw 
attention to the fact that the number of marginal spines varies consider- 


ably in different specimens. Exception has been taken to my figure in 


Part III. of the Fourteenth Annual Report because the number of spines 
shown there is considerably greater than is represented in Professor 
Allman’s figures of the same objects in his valuable ‘Monograph of the | 
Fresh-water Polyzoa.’ Whatever be the reason of the difference, the 
number of spines shown in my figure is the number on the specimen I 
have given a representation of. 

This completes the description of the lochs coming under the first 
division of this paper, and I now append a Table showing the number 
and distribution of Crustacea from the lochs referred to, as. it is desirable, 
for the sake of continuity, to reserve the second division for the descrip- 
tion only of the lochs of Shetland. 

In concluding this part of my paper on the a of inland waters, I 
desire to state that my successful examination of the lochs about Camp- 
beltown is due in great measure to the kind assistance afforded me by 
Mr, Alexander Gray and other friends residing there, 


TABLE containing the Names and showing the Distribution of all the 
Species from the Lochs referred to in the preceding Notes. 


Lochs in the | Loch on} Loch in 
vicinityof Camp-| Ailsa {Island of 
beltown,Cantyre.| Craig. | Arran. 


Park | Tangy | Garry a pare 


Loch. | Loch. | Loch. 


Names of the Species. 


ranza. | 
area aes 
MOLLUSCA. ~ | 
Poem SPs: he 
Planorbis nautileus (Linné), x 
ps albus, Miiller, . x 
Limnea peregra (Miiller), x 
Ancylus fluviatilis, Miiller, x 
CRUSTACEA. 
AMPHIPODA. 
Gammarus duebeni, Lilljeborg, ; : x x 
CoPEPODA. 
Diaptomus hircus, Brady, ; ‘ x 
Cyclops strenuus, Fischer, : ° x x 
3  vernalis, Fischer, 5 : . x 
»,  bisetosus, Rehberg, ‘ gab x 
» viridis (Juriné), . : x x 
», (2?) bicolor, G. O. Sars, : x 
»  Juscus(Juriné), . : ‘ a ed 
»,  albidus (Juriné), . ; : a ee, x 
»  serrulatus, Fischer, F : x * 
»  fimbriatus, Fischer, x x x 
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TABLE containing the Names and showing the Distribution of all the Species from 
the Lochs referred to in the preceding Notes—continued. 


Name of the Species. 


Canthocamptus staphylinus (Juriné), 


3 schmeilii, Mrazek, 
3 inornatus, 'T. Scott, 
afi minutus, Claus, . 


hirticornis, T. Scott, . 
Attheyella crassa (G. O. Sars), . 
i pygmea (G. O. Sars), 
me zchokkei, Schmeil, 


Moraria anderson-smithi, T. & A. Scott, 


OSTRACODA. 


Cypria ophthalmica (Juriné), 
Cyclocypris levis (Miiller), é 
= serena (Koch), 

ms globosa (G. O. Pe 
Cypris obliqua, Brady, . 
Herpetocypris reptans (Baird), . 

strigata (Miiller), 
Cypridopsis villosa (Juriné), 
Pionocypris vidua (Miiller), 
Ilyocypris biplicata (Koch), 
Potamocypris fulva, Brady, 
Candona candida (Miiller), 
2 lactea, Baird, 


9 Kingsleti, Brady and Rober tson, 


»» (2) compressa (Koch), 


# hyalina, Brady and Robertson, 
— Darwinula stevenson, Brady & Robertson, 


Limnicythere inopinata (Baird), 
CLADOCERA. 


Sida crystallina (Miller), 
Bosmina longirostris (Miiller), . 


_ Daphnella brachyura (Lievin), ; 
| Acantholeberis curvirostris (Miiller), 


Drepanothrix dentata (Euren), 
Ilyocryptus sordidus (Lievin), 


Ceriodaphnia quadrangula (Miller), 


Sp., 
Simocephalus vetulus ‘(Miiller), . 


_ Daphnia longispina (O. F. Miller), 


Acroperis harpe, Baird, 


_ Alonopsis elongata, G. 0. Sars, 
| Alona affinis, Leydig, 
Re fe quadr angularis (Miller), . 


} 
| 


; 


» rustica, T. Scott, 
ee es, intermedia, G. 0. Sars, 
Harporhynchus falcatus, G. O, Sars, 
Moe globosus, Baird, 
»»  Ssphericus (Miiller), 
», barbatus (Brady), 
» (2) celatus, Schoedler, 
Polyphemus Prec (De Geer), 


|. 
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DIVISION II. 


ACCOUNT OF THE EXAMINATION OF SOME OF THE LocHS oF SHETLAND. 
By Tuomas Scorr anp Rogert Duruir, 


The present is our fourth contribution towards the elucidation of the 


’ fresh-water fauna of the Shetland Islands. Twelve of the lochs of Shet- 


land are described in the present paper, and are referred to in the follow- 
ing order :—(1) The district of Lerwick, one of the lochs is described ; 
(2) Northmavine, six of the lochs are described ; (3) the island of Bressay, 
one loch is described ; (4) island of Yell, two of the lochs are described ; 
and (5) Helliers Water, in the island of Unst, is described. 

_ The first portion of the paper contains a series of notes on the physical 
aspects of each of the lochs examined, and on any other point of general 
interest ; the second portion comprises a series of faunistic notes, describ- 
ing briefly the results of the examination of each of the gatherings 


- collected and arranged as in the first portion. Special reference is also 


made to any particularly rare or interesting species. 


THE FRESH-WATER LOCHS OF SHETLAND. 


NovTes ON THEIR PuHysicaL ASPECTS. 


(1) Lerwick District. 
Locu oF KgpisTER, GREMISTA, LERWICK. 
(Examined April 14th 1897.) 


This loch lies about a mile north from the farm-house of Gremista, near 
Lerwick. It was examined about 4 p.m., the day being bright, but the 
weather only beginning to improve after a very severe winter and spring. 
The loch lies some 200 feet above the level of the sea near the top of the 
hill of Gremista. The surrounding ground is deep moss, but the loch has 
a beach of fine gravel extending along the greater part of its shores, and 
the water is very clear and transparent. Fauna did not appear to be 
numerous, but were fairly well distributed round the margin. Had the 
loch been visited in summer, the gathering would no doubt have been 


larger. 


(2) Locus in NorTHMAVINE, 


Having no opportunity of examining the lochs in this part of Shetland, 
as our visits were few and hurried, the work had to be done by deputy. 
Messrs. Burgess and Stove, two Lerwick gentlemen who were at North 
Roe on holiday, made the collections for us; and to them we are also 
indebted for a description of the lochs and their surroundings. 


Loch of Flugarth, North Roe. 
_ (Examined April 22nd 1897.) 


_ This loch lies low, having crofts all along the S.E. side, the watershed 
being the hills on the S.W. A burn from the north end of the “ Buirgs” 
enters its S,W. side, and another burn at its north end connects it with 
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Sandvoe, an inlet of the sea which is about 80 yards distant. This is 
reported to be a fair loch for trout. The shores are stony, and the water 
clear; but one or two draws of the hand-net were sufficient to stir up 
decayed grass and mud. Life seemed very minute, and most plentiful on 
the N.W. side. No vegetation was visible. The loch was examined at 
11 a.m., the day being dull but warm. 


Loch of Houllsquey, North Roe. 
(Examined April 22nd 1897.) 


This loch, which is of medium size, lies on the N.E. side of the district, 
and practically on the edge of a precipice. There seems to be no burn 
falling into the loch, only a small, sluggish, stagnant ditch, thickly grown 
with weeds. This part of the loch appeared to be the most likely to 
yield a good collection, but it was unapproachable. The landward side is 
boggy, of uniform depth, and very muddy. The other side is extremely 
shallow, with clear water and shingly bottom, but no point of vantage 
from which to work the hand-net. The watershed is from a low, grassy — 
hill. The outlet from the loch runs N.W., finding its destination in 
Sandvoe. 


Loch of Benigarth, North Roe. 
(Examined April 22nd 1897.) 


A steep, grassy hill, thickly interspersed with stones, rises on the south 
side of this large loch. A grassy bank forms its edge, and the water is 
deep and dark. Farther along, where the township of Setter lies, the 
cultivated land extends almost to the loch, separated only by a strip of 
miry ground. Small-sized alge grow in profusion on the bottom, and life 
is abundant. A smaller loch, the loch of Setter, contributes a stream 
which filters its way into this loch at the S.E. shore. Time did not per- 
mit of our visiting it. The loch of Benigarth, like the others visited the 
same day, sends a burn down to Sandvoe. The collection from it was 
made at 7.30 p.m. 


Moosa Water, North Roe, 
(Examined April 23rd 1897.) 


This large loch lies in a dreary region known locally as “ Da back o’ da 
Buirgs,” a range of rough granite hills that rise to upwards of 600 feet 
above sea level. The loch itself has an altitude of 450 feet. It was 
visited about noon, the day being bright and warm. The land for several 
hundred yards all round is level, or as level as granite boulders will 
permit. The shores and bottom are rocky, and the water at many points 
over six feet deep. There was too much mud and slime to permit of a very 
satisfactory search, but fauna seemed scarce, and the specimens obtained 
appeared to be very minute. 


Mill, or Ennis Loch. 
(Examined April 23rd 1897.) 


This small loch was examined directly after the former, and as the 
gathering appeared to be very meagre, it was mixed with the collection 
obtained from Moosa Water. The loch is surrounded by moor, and the 
water is very dark and muddy. Algz and fauna seemed alike scarce, - 
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Pettidale Water. 
(Examined April 23rd 1897.) 


Examined about 2 p.m., weather fine. Granite rocks fringe the shore ; 
the north end of the ‘“‘ Buirgs” forms one side, the other being broken 
ground, with moss and heather. Animalcule seemed scarce and ‘minute. 
The loch has an altitude of between 400 and 500 feet. 


Innis Loch, 
(Examined April 23rd 1897.) 


This is a small, shallow-margined pool, with a good deal of mossy sedi- 
ment about the sides and bottom, and with a number of watercourses 
draining into it from the gently sloping surrounding ground. The banks 
were high and steep, which rendered the work of examination rather 
difficult. 


(3) Bressay. 
Loch of Kirkabister. 
(Examined May 15th 1897.) 


Examined about 4 p.m., the day being mild and warm. This is a 
rather small and shallow loch, lying half-way between the beach of Ham 
and Bressay Lighthouse, and about 48 feet above sea-level. The bottom 
and sides are boggy, especially the southern shore, which was so soft and 
spongy as to be unapproachable. Some alge were growing all round the 
loch, and fauna seemed plentiful, the hand-net being used round the 
whole of the loch except the southern shore. 


(4) Locus in YELL. 
Lochs of  Colvister. 
(Examined June 4th 1897.) 


This large, irregularly-shaped loch was examined about 5 p.m., under 
favourable atmospheric conditions. The hand-net was used all along the 
north-eastern shores, which are rocky or gravelly, with very little vegeta- 
tion. The outlet is by a burn that flows eastwards into Bastavoe. Its 
altitude is 71 feet. 


Loch of Lumbister, Yell. 
(Examined June 4th 1897.) 


The examination of this loch, which was made between 6 and 7 p.m., 
was confined to the eastern end, where the shores and bottom are covered 
with fine red sand. The water is clear, and the loch has a pretty 
appearance, Very little plant life was visible, and fauna did not seem 
to be so numerous as in the neighbouring loch of Colvister ; but as the 
loch is a large one, the examination could not be regarded as very 
complete or satisfactory. It is 64 feet above the level of the sea, and a 
burn flows westwards from it into Whalfirth, 

R 
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Maea Water, Yell. 
(Examined June 4th 1897.) 


Maea Water, which is much smaller and shallower than the two former 
lochs, lies on a sort of table-land in North Yell, between Bastavoe and 
Blue Mull Sound. Situated in the middle of a deep moss, its shores are 
muddy, with occasional stretches of rock or boulders. These facilitated — 
the work of examination, which otherwise would have been difficult. 


(5) Unsr. 
Helliers Water, Unst. 
(Examined June 22nd 1897.) 


Examined, along with a small neighbouring loch, between 9 and 
10 p.m. on the occasion of the Queen’s Diamond Jubilee. Helliers 
Water lies in a very lonely spot in a deep hollow on the hill of Colvidale, 
which forms part of the more easterly of the two parallel ridges of high 
land in Unst, It is a deep loch, with stones and gravel about the 
margin and bottom, and the water is clear and transparent. Very little 
free-swimming life was observed, and alge were not abundant, but some 
mollusca were found about the margin. The small, shallow, clayey loch 
which was examined at the same time appeared to be more prolific. The 
gatherings from the two lochs were mixed together. 

Helliers Water and a small island near its centre appeared to be 
frequented by eider ducks, nearly a dozen of which were swimming about 
during our examination. A large white owl, too, that had perhaps been 
disturbed by the bonfires and the crowds on the neighbouring hills, kept 
flitting about, frequently permitting us to get within 40 yards distance. 


FAUNISTIC NOTES. 
(1) Loc or Kepister, Gremista, LERWICK. 


In the note describing some of the physical conditions of this loch, 
and the circumstances attending the examination of it, reference is made 
to the purity of the water and to the apparent scarcity in it of animal 
life. A glance through the gathering of invertebrates collected shows 
that, on this occasion at least, appearances were not deceptive. The 
total number of Entomostraca obtained in this gathering was six—four 
species of Copepoda and two of Cladocera; there were also a few beetles 
and other insects. Probably if the loch were examined later on in the 
year, say towards the end of summer, a greater number and variety of 
invertebrates would be obtained. It is interesting to note that one of 
the six Crustaceans contained in the gathering was Diaptomus wierzejskit, 
a Copepod rare in the lochs on the mainland of Scotland, but apparently 
almost; ubiquitous in those of Shetland and the Outer Hebrides. 


(2) Locus 1n NorTHMAVINE. 


Loch of Flugarth, North Roe. 


Thirteen species of Crustacea were obtained in the gathering from this 
loch comprising eight species of Copepoda, four species of Cladocera, and 
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an Ostracod. Diaptomus wierzejskii, which, from its universal dis- 
tribution in these lochs, might be called the ‘‘ Shetland Draptomus,” was 
of course present. The somewhat rare Canthocamptus hirticornis and 
C. minutus were obtained in this gathering. This is only the second time 
that Canthocamptus minutus has been observed in the lochs of Shetland. 
Planorbis nautileus, Limnea peregra, andafew insects were also noticed. 


Loch of Houllsquey, North Roe. 


This loch, from its occupying a somewhat peculiar position, might have 
been expected to yield results more than usually interesting. Unfortunately 
the parts likely to give the best results could not be reached when the 
loch was visited. Ten species of Crustacea and a few insects were found 
in the gathering from this loch of Houllsquey, The “Shetland 
Diaptomus” was again present, and here Canthocamptus minutus was 
also obtained, The Gammarus found was G. pulex. 


Loch of Benigarth, North Roe. 


Although invertebrates were numerous in the gathering from this 
loch, the variety was not so great as in some of the others: six species 
of Copepoda, three of Cladocera, two of Ostracoda, and a Gammarus (G. 
duebeni) were the Crustaceans obtained. A number of insects were also 
included in the gathering ; these may be identified later on. 


Moosa Water, North Roe. 


The physical conditions of this loch appear to be unfavourable to the 
propagation of Entomostraca and other Crustacean species. Lochs with 
bare rocky or gravelly shores are sometimes very unproductive as regards 
the micro-invertebrates, 


Mill or Ennis Loch. 


The gatherings collected here and in Moosa Water were put together 
in the same bottle, as mentioned in the previous notes: this was done 
because of the apparent scarcity of living creatures in both gatherings. 
A careful examination of the contents of this bottle yielded only four 
species of Crustacea—two of Copepoda and two of Cladocera—and a 
very few insects, But it is no unusual thing for students of natural 
_ history to meet with disappointments, just as other people meet with 
them in daily life. 


Pettidale Water. 


In this gathering we again met with the “Shetland Diaptomus” (D. 
wierzejskit). Its associates were twe species of Cyclops (C. strenuus and 
C. albidus), one Lynceid (Alonopsis elongata), a valve of Candona 
candida, and one or two specimens of Gammarus pulex. There were also 
a few insects in the gathering. This loch, like the two last, is apparently 
not a favourable habitat for Entomostraca. 


Innis Loch. 


This completes the series of Northmavine lochs examined last season. 
Though of small dimensions, Innis Loch gave better results than some of 
the others, Entomostraca were moderately common in the gathering 
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collected here, and, curiously enough, our Dtaptomus was not present 
this time: Cyclops strenuwus appeared to have taken its place, at least at 
the time the gathering was collected. A Cyclops, whose identity was 
somewhat doubtful, occurred here, and may form the subject of further 
study. The total number of species of Crustacea observed in this 
gathering was thirteen: six of these were Copepods, five Cladocera, and 
there were two Ostracods. 


(3) Bressay. 
Loch of Kirkabister, 


The gathering from this loch was a small lot, but it contained a few 
things of special interest: mention may be made of three of these. 
Cyclops vernalis, Fischer, has apparently not been previously observed in 
any gathering from the Shetland lochs. Canthocamptus cuspidatus, 
Schmeil, is a somewhat rare species, for which there are few British 
records, and it is interesting to find that in our last paper on the Shetland 
lochs this Copepod is recorded from Setter Loch and Brough Loch, both 
of which are also in Bressay. aus spinatus, Goodsir, was another of the 
Copepods found in this gathering: this, being one of the marine species, 
seems rather out of its element in the Bressay_ loch. Of course it was 
quite possible for this little loch, situated as it is so near the sea, to be a 
brackish-water loch, and in that case Zaus spinatus would not have been 
so great a ‘‘stranger.” That itis not a brackish-water loch, however, is 
fairly evident from the organisms that live init ; and these same-organisms 
are not in ordinary circumstances the associates of Zaus. The conclusion 
of the matter is, that this Copepod, voluntarily or involuntarily, has 
wandered from its own special haunts into the domicile of strangers. 
The number of Entomostraca, exclusive of Zaus, obtained in the gathering 
from this loch is eleven—seven Copepods and four Cladocera. 


(4) Locus 1n YELL. 
Loch of Colvister. 


The gathering from Loch of Colvister contained a greater variety of 
organisms than that from almost any other of the lochs examined during 
the season. Cladocera especially were well represented, and included such 
comparatively rare forms as Latona setifera, Drepanothrix dentata, and 
Harporhynchus falcatus. Both male and female Bosmina longirostris 
occurred here. The Entomostraca observed included six species of 
Copepoda and ten species of Cladocera: no Ostracoda were noticed, but 
there were a few water-mites, ‘‘ water-boatmen,” and insect larve. 


Loch of Lumbister. 


Crustacea were moderately common in this gathering. There was a 
considerable variety of species, but, with the exception of Gammarus 
duebeni, only two groups—the Copepoda and Cladocera—were represented. 
The number of species obtained was the same as in the gathering from 
Loch of Colvister ; there was also the same number of Cladocera, but only 
five species of Copepods. Latona setifera was noticed, but appeared to be 
rare. It sometimes happens that a casual examination of a gathering, 
when it has just been collected, presents less favourable results than those 
afterwards obtained. This is due, partly at least, to the tendency of 
certain organisms, when disturbed, to hide amongst the inorganic and 
vegetable matter that is more or less unavoidably present in gatherings 
collected with the hand-net. 
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Maea Water. 


| In the gathering from Maea Water nineteen species of Entomostraca 
were obtained : they comprised seven species of Copepoda and twelve 
species of Cladocera; no Ostracoda were observed. The somewhat rare 
Alona neglecta occurred here, and was the only thing of special interest 
observed. Diaptomus wierzejskii was more or less frequent in all the 
three Yell lochs just described. 


(5) Unst. 
Helliers Water. 


The only addition to the Shetland fresh-water fauna obtained during 
last season was found here. The species alluded to is Diaptomus castor 
(Juriné), and its occurrence in this loch is the more interesting as the only 
other Scottish record for the species, so far as I can remember, is that pub- 
ae lished in the ‘ Annals of Scottish Natural History’ for July 1892, p. 202. 
| Moreover, this discovery of Diaptomus castor in Helliers Water, Unst, 
! corroborates a remark, in the record in the ‘Annals of Scottish Natural 

History’ referred to, as to the probable distribution of the species, viz. :— 
“This Calanid was formerly considered to be a moderately common 
species, and as a member of our fauna its distribution was believed to 
be, and probably is, co-extensive with the British Islands.” Diaptomus 
wrerzejsket also occurred in this gathering. The total number of species 
observed was eighteen, and comprised eight species of Copepoda, nine 
| species of Cladocera, and one Ostracod (Cypria serena). There were also 
a few beetles, water-mites, boat-flies, fragments of fresh-water sponge 
(Spongilla), and small rounded masses of a species of Nostoc. One of 
these masses when examined under a cover-glass formed a very pretty 
miscroscopic object: the moniliform threads, so distinct amidst the 
transparent mucus, appeared to intertwine in exquisite confusion. 

The subjoined Table contains a list of all the species observed in the 
series of Shetland lochs now described, and their distribution in respect 
of the various lochs :— 


TABLE containing the Names and showing the Distribution of all the 
Species from the series of Shetland Lochs described in the preceding 
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X. SOME ADDITIONS TO THE INVERTEBRATE FAUNA OF 
LOCH FYNE. By THOMAS Scott, F.L.S., Mem. Soc. Zool. de 


France. 
(Plates XII., XIII, XIV., XV.) 
ConTENTS, 
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INTRODUCTORY REMARKS, 


In the paper on “ The Marine Fishes and Invertebrates of Loch Fyne,” 
published in Part ILI. of the Fifteenth Annual Report of the Fishery 
Board for Scotland, it is distinctly stated that the catalogue then published 
could ‘‘ only be considered as preliminary to further research.” It would 
have shown unwarranted presumption on the part of the compiler of that 
catalogue had he pretended that it could have in any sense been con- 
sidered exhaustive: it was, as explained in the preliminary remarks, 
neither more nor less than a compilation from the recorded results of past 
investigations, so far as these were known to the writer, to which he added 


certain information that had been obtained as the result of personal study. 


And though the number of additions that now fall to be made, and the 
recording of which forms the subject of the present paper, is very con- 


siderable, this simply shows that the time when an exhaustive catalogue 
‘can be prepared is not yet ; and that, notwithstanding all that has already 


been done, the study of the Loch Fyne invertebrata will yield, for some 
time to come, profitable and interesting results to the student who has 
sufficient opportunities and enthusiasm to engage in it. 

The species that fall to be recorded in the present paper as additions to 
the previous catalogue of Loch Fyne invertebrates number in all about 
one hundred, and include representatives of the following groups :—(1st) 
The Schizopoda (one species). (2nd) The Isopoda (one species new to 
Britain). (3rd) The Amphipoda (four species). (4th) The Ostracoda 
(fourteen species), (5th) The Copepoda (twenty-three species, five of 
which are apparently undescribed, and two have required new genera to 
be instituted for them).* (6th) The Annelida (one species, new to the 
Clyde district). (7th) The Foraminifera (fifty-six species and varieties, or 
double the number recorded in the first catalogue). 


_ * Tn the Appendix there are also descriptions of a new genus and species of Copepoda 
from Kilbrannan Sound, Firth of Clyde. 


262 Part ITI,—Siateenth Annual Report 


I have, as formerly, to acknowledge my indebtedness to several friends 
for kind assistance in various ways, amongst whom are Prof. G. S. Brady, 
F.R.S., and Rev. T. R. R. Stebbing, F.R.S. ; Dr. G. W. Chaster, of South- 
port; J. T. Marshall, Torquay ; Mrs. Robertson, of Millport ; and Fred. 
G. Pearcey. My son, Mr. Andrew Scott, prepared the series of drawings 
necessary for the elucidation of new and obscure species. 

Since the publication of the catalogue of “The Marine Fishes and 
Invertebrates of Loch Fyne” no additions have been made to the follow- 
ing groups:—The Fishes, the Tunicata, the Mollusca, the Branchiopoda, 
the Polyzoa, the Echinoderma, the Actinozoa, the Hydrozoa, and the 
Spongozoa. 


ADDITIONS TO THE CRUSTACEA OF LOCH FYNE. 
(1) THe Scuizopopa. 


Erythrops serrata, G. O. Sars. This species was obtained in Upper 
Loch Fyne at Stations XIII; and XV. J. serrata was recorded last year 
for the first time as a member of the Clyde fauna, from specimens obtained 
in different parts of the seaward portion of the estuary. 


(2) Tue Isopopa. 


Paramunna bilobata, G. O. Sars. This is a small species, but very dis- 
tinct from any other Isopod recorded from the Clyde. The form of the 
caudal segment, with its strongly toothed lateral margins, and the bilobed 
front part of the head,-are characteristic. This, which is an addition to 
the British fauna, was dredged at Otter-Spit during last October by F. G. 
Pearcey, while at work on board the s.s. Garland. 


(3) THe AMPHIPODA. 


Lilljeborgia kinahani (Spence Bate). This Amphipod was obtained 
amongst some dredged material from Otter Spit, Loch Fyne. Though 
this is apparently the first record of it in Loch Fyne, it has already been 
recorded for the Clyde by the late Dr. Robertson, of Millport, under 
Spence Bate’s name of Phaedra kinahant. Lilljeborgia kinahani need not 
be mistaken for ZL. pallida (which has also been recorded for the Clyde 
by Dr. Robertson) ; not only because it is much smaller, but also because 
of the distinct difference in the form of the metasome segments. 


Podocerus herdmani, Walker. This was obtained in the same gathering 
as the last, and is apparently not only an addition to the Loch Fyne fauna 
but also to the Clyde. P. herdmani is distinguished chiefly by the 
peculiar form of the claw of the posterior gnathopods in the male, and 
without male specimens it is somewhat difficult to differentiate the species. 
This Amphipod has been recorded from Norway by Prof. G. O. Sars, and 
its British distribution seems to be extensive, having been observed in the 
Liverpool district, where it was first discovered by A. O. Walker, the 
describer of the species, and also in the Firth of Forth. 


Podocerus cumbrensis, Stebbing and Robertson. This Amphipod, though 
previously reported for the Clyde—viz., from the vicinity of the Clach 
Rock, Cumbrae—has not so far apparently been observed in Loch Fyne. 
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Specimens of Podocerus cumbrensis were obtained in the same Otter Spit 
gathering with P. herdmani. This is a small species, and the armature of 
the posterior gnathopods in the male varies a good deal ; but, so far as I 
could observe, the males of this Amphipod, notwithstanding the variation 
referred to, could in every instance be distinguished from P. herdmant. 


Protella phasma (Montagu). This curious species has been recorded 
froin several parts of the Clyde area by the late Dr. Robertson, and may 
also have been obtained in Loch Fyne, but I can find no reference to its 
occurrence in that district amongst the published records within my reach. 


(4) THE OstRacopa. 


Bairdia inflata, Norman, This Ostracod was obtained in dredged 
material from Tarbert Bank, in 20 to 25 fathoms. It has also been 
obtained from other parts of the Clyde area, but there does not appear to 
be any previous record of it from Loch Fyne. | 


Cythere tenera, Brady. Iam indebted to Mrs. Robertson, of Millport, 
for the record of this species from Loch Fyne. It is one of a group of 
Ostracods usually found in water that is more or less brackish, and is 
less frequent in the open sea. 


Cythere quadridentata, Baird. A few specimens were obtained in 
material dredged at Tarbert Bank in the spring of last year (1897). 


Cythere emaciala, Brady. Was found with the last species. It does 
not appear to be very rare: the shells, however, were frequeatly coated 
with mud, which may cause them at times to be overlooked ; but other 
species—those with rough or spiny tests—found here were, many of 
them, also more or less covered with mud. 


Cythere emarginata (G. O. Sars). Was obtained at Tarbert Bank with 
the other species mentioned. Mrs, Robertson, of Millport, has also 
favoured me with a MS. record of the same species for Loch Fyne. It 
is probable that the Loch Fyne specimens are fossil, as the species, though 
not rare in some glacial deposits, is apparently, as a recent species, more or 
less restricted in its distribution to arctic or sub-arctic regions. 


Cythere dunelmensis (Norman). This also was obtained at Tarbert 
Bank. It is probable that Cythere dunelmensis is not infrequent in Loch 
Fyne, as it has a wide distribution—not only generally but throughout the 
Clyde area; but if the species has previously been obtained in Loch 
Fyne, it is somewhat inexplicable that Loch Long, Rosneath, and 
Rothesay Bay should be mentioned as Clyde habitats for the species, while 
Loch Fyne, which is at least as important a locality as any of these, 
should be omitted. 


Cythere whitei (Baird), This is another of the species obtained at 
Tarbert Bank, and which may be distinguished by the peculiar sculpture 
of the shell. It does not appear to be a very common species, 


Cytherura simplex, Brady and Norman. I am indebted to Mrs. Robert- 
son, of Millport, for the record of this species for Loch Fyne. A “local 
variety ” of this species had been previously known as Cytherura sarsi, 
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but Drs. Brady and Norman, in their recent monograph on this group of 
Crustaceans, have redescribed and named it as above. 


Cytherura clathrata, G. O. Sars. This pretty species was-dredged at 
Tarbert Bank, Loch Fyne. Though generally distributed, it is not very 
common. 


Cytheropteron arcuatum, Brady, Crosskey, and Robertson. I am 
indebted to Mrs. Robertson for the record of this species. Cytheropteron 
arcuatum was frequent in the post-tertiary clays of Garvel Park, Greenock, 
and is apparently a true arctic or sub-arctic species ; still, the limits of its 
distribution may extend beyond these regions, 


Cytherois fischeri (G. O. Sars). It is to Mrs. Robertson that I am also 
indebted for the record of this species. Though Cytherows fischeri has 
not been specifically recorded for Loch Fyne before this time, it is so 
generally distributed that there are comparatively few marine districts 
where it may not be found. | 


Paradoxostoma normunt, Brady. I have obtained this very distinct — 
species of Paradoxostoma in one or two portions of the Clyde area, includ- 
ing Tarbert Bank, Loch Fyne, but it does not appear to be at all common. 


Paradoxostoma ensiforme, Brady. This was one of the more frequent 
species found at Tarbert Bank, as it also is in other parts of the Clyde. 


Paradoxostoma obliquum, G. O. Sars. This, which is comparatively a 
rare species, was likewise obtained in the material dredged at Tarbert 
Bank. 


(5) THE Coprropa. 


The Copepoda that fall to be recorded at this time include several 
apparently undescribed forms, and it has also been necessary to institute 
new genera for two of them ; but before proceeding to record and describe 
these additions to the Loch Fyne Copepod fauna, I propose to give the 
following definition of a species previously recorded, which has, along with 
the others, been the subject of special study. The species referred to was 
recorded in the former catalogue of Loch Fyne Invertebrata under the 
uame of ‘(?) Pseudocalanus armatus, Boeck,” but it has since been 
removed from the genus Pseudocalanus of Boeck to Bradyidius, Gies- 
brecht. The following is a definition of this genus and species :— 


Bradyidius armatus (G. S. Brady), (Pl. XIL, figs. 1-19). 


1878. Pseudocalanus armatus, Brady (not Boeck). ‘Mon. 
Copep. Brit. Isl.,’ vol. i. p. 46. 


1897. Bradyidius armatus (Brady), Giesbrecht. ‘Zool. An- 
zeiger,’ No. 536. 


Description of the female.—Length, 2°54 mm. (+; of an inch). Body, - 
robust, somewhat resembling Wtidius armatus (Brady) in general appear- 
ance ; rostrum, distinctly bifid, but not so strongly produced as that of 
Htidius (figs. 19-20) ; last thoracic segment produced at both sides into 
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strongly-pointed processes ; abdomen, small; caudal furca, short (fig. 11); 
antennules, scarcely reaching to the end of the thorax, and composed of 
twenty-four joints, the proportional lengths of which are shown by the 
formula (see also figure 2)— 


ae Oe OS 6 7 7 6s 6 6 b+ 4° £e ee fe Bs B 
°2°3+4+5°6° 8 


4 4 
Sere e contort k 12+ 13? 14 °15° 16°17 «18 "1990 : 21 22 2-24 


mist 
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The antennz are somewhat similar to those of Psewdocalanus elongatus, 
but the secondary branches are scarcely so elongate (fig. 3). The mouth- 
organs and swimming feet are all more or less similar to the same appen- 
dages in Pseudocalanus elongatus as shown by the figures (figs. 4-10). 


Description of the male.—The structure of the male of Bradyidius 
exhibits a greater amount of divergence from that of the nearly-related 
Pseudocalanus than the female does. The number of joints of the male 
antennule (fig. 12) is twenty-two on the left side, the eighth and tenth 
joints being each apparently composed of two coalesced joints. The right 
antennule is similar to the left, except that the seventeenth and eighteenth 
joints appear to be joined together so as to form only one joint. The pro- 
portional lengths of the joints of the left antennule are shown in the 
formula— 


ade io ane Neue B26 6° bs Gh: 8 
1:2°3°4°5°6°7°8'9-°10°11-12°13-°14-15°16°17°18°19 «20-21-22 
The mandibles are more or less rudimentary, and they are without the 
usual apical teeth ; they resemble the mandibles of Pseudocalanus elon- 
gatus, but are not so elongate (fig. 13). The maxille are more robust 
than those of Psewdocalanus, and more nearly resemble those of dtzdius, 
but are somewhat dissimilar in certain details of structure and armature, 
as shown by the figure (fig. 14). The anterior foot-jaws, which are to 
some extent rudimentary, are considerably stouter than those of Pseudo- 
calanus, and the armature of the marginal lobes is peculiarly modified 
(fig, 15). The fifth pair of thoracic feet differ in structure from both 
Pseudocalanus and dftidius. In Pseudocalanus both feet are developed, 
but each consists of a single branch ; in M#tidiws ouly one single- 
branched foot is developed, the other being entirely obsolete ; in the 
present species, which in the structure of the fifth pair more nearly 
resenrbles Ztidius, one of the single-branched feet is developed, while 
the other is very rudimentary, but is nevertheless quite distinct, as shown 
by the figure (fig. 16). Fig. 17 is a drawing of the fifth foot of an 


immature male. 


Habitat.—Firth of Clyde, Loch Fyne, and West Coast ; frequent (rare 
on the Hast Coast). 


Remarks.—This Copepod has occupied our attention for a considerable 
time. It was felt that it could not be retained in the genus to which it 
had been ascribed, but, owing to the structural details being somewhat 
difficult to work out, the study of it was delayed. Last year Dr. W. 
Giesbrecht, the eminent zoologist of Naples Marine Station, published a 
preliminary note on the species. He described a few of its more 
important characters, and at the same time instituted the new genus— 
Bradyidius—for its reception. Previous to that, however, the series of 
drawings included in the present paper had all been prepared, but the 
pressure of other work had delayed their publication. We-are very 
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pleased that Dr. Giesbrecht has so far settled the question as to the value 
which should be placed on the structural difference observed in this species, 
and referred to in the above description, and has given to it a more satis- 
factory position in the group to which it is related. 


' Stephos minor, T. Scott. This species, first described from specimens 
obtained in the Firth of Forth, was observed among some dredged 
material from Otter Spit. One of the specimens from this locality was a 
male, the structure of the fifth thoracic feet of which cannot be con- 
founded with any allied form. 


Stephos fulton, T. and A. Scott (Pl. XV. figs. 5-16). 


1898. Stephos fultoni, T. and A. Scott, ‘Ann. and Mag. Nat. 
Hist.,’ ser. 7, vol. i. p. 185, Pl. X., figs. 1-8, and Pl. XI, 
figs. 1-4, 


This fine species, which was first noticed in 1896 amongst some 
washings of trawl-net refuse from Kilbrannan Sound, has been obtained a 
second time in a small quantity of dredged material collected in 1897 near 
Otter Spit, Loch Fyne. Stephos fulton differs from the other two 
described members of the genus in the fifth thoracic feet in the female 
being scarcely symmetrical; and it may be remarked that, so far, this 
Clyde species shows a departure from the normal characters of the genus. 
The antennules of Stephos fultoni (fig. 6) are twenty-four-jointed, and 
they resemble those of Stephos minor in the arrangement of the joints, 
but the proportional lengths of the joints are rather different (see 
fig. 6). The antennz and mouth-organs (figs. 7-9) are somewhat similar 
in structure to those of Stephos minor. The second, third, and fourth 
pairs of swimming feet are proportionally rather more slender and elongate 
than those of that species. As already stated, the fifth pair in the | 
female (fig. 13) are scarcely symmetrical, the end-joint of the right foot (?) 
is of a broad, knife-like form, and has the posterior half of the outer 
margin finely serrated, but the end-joint of the left foot (?) assumes some- 
what the form of a “ tap-root,” being dilated at the base, and then, after 
suddenly contracting to a small extent, it tapers gradually to the pointed 
apex. 

In the male the chief distinctive feature is the remarkable and power- 
ful development of the fifth thoracic feet (fig. 14). The structure of the 
left foot is cumbrous and complicated: it terminates in a strongly dilated 
appendage that is armed with a large and dark-horn-coloured movable 
claw distinctly bifid at the extremity, while in addition to the claw there 
are several flexuous appendages of moderate length and stoutness. The 
right foot is slender, and is somewhat similar to the same foot in Stephos 
minor, but the end-joint is quite different, being curved like a reaping- 
hook, and with the basal part slightly produced in a direction opposite to 
that of the hook-like process. It may be noted that the left foot some- 
what resembles the same appendage in Stephos gyrans (Giesbrecht), but 
besides other differences Stephos gyrans wants the strong bifid claw which 
gives such a marked character to the left foot of Stephos fulton. 


The name adopted for this remarkable species is that of the Superin- 
tendent of the Scientific Investigations of the Fishery Board for Scot- 
land—T. Wemyss Fulton, M.D., F.R.S.E. 
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Pseudocyclopia crassicornis, T. Scott, was dredged in the vicinity of 
Otter Spit, Upper Loch Fyne. This species, which is moderately 
frequent in some parts of the Firth of Forth, is apparently less common 
in the Clyde. 


Pseudocyclopia caudata, T. Scott, is smaller than the last species, and 
is distinguished at first sight by its longer caudal stylets ; it was dredged 
at Otter Spit with the other. 


Ectinosoma erythrops, G. S. Brady, was obtained in the vicinity of 
Otter Spit. Besides differing in structural details from its congeners, it 
is furnished with a lateral red eye-spot, to which it owes its name. The © 
eye-spot is situated on the lateral aspect of the cephalic segment, and 
near the anterior margin. (A second species of Hctinosoma with lateral 
red eye-spots has been described.) 


Jonesiella fusiformis, G.S. Brady. A number of specimens of this 
species were dredged at Tarbert Bank in 1896, but not satisfactorily 
identified till later. Jonesiella fusiformis is rather more slender than 
Jonesiella spinulosa, and with less spinous appendages ; the fifth thoracic 
feet are also dissimilar. 


Pseudotachidius coronatus, gen. et sp. nov. (Pl. XIIL, figs. 12-26, 
and Pl. XV., figs. 1-4). 


Description of the female.—Length about ‘9mm. (3 of an_ inch). 
Seen from above, the thorax (fig. 22, Pl. XIII.) is moderately broad and 
sub-cylindrical, the breadth being equal to about three-fifths of the length; 
abdomen distinctly separate from the thorax, and consisting of five 
segments ; caudal stylets very short. The rostrum is produced, and 
moderately broad and rounded at the apex, and furnished with two 
minute apical sete. The antennules (fig. 23, Pl. XIII.) are six-jointed, 
very short and stout, and strongly setiferous ; the first two joints are sub- 
equal, and much larger than any of the others. The formula shows the 
approximate proportional lengths of the joints— 


Proportional lengths of the joints 11° 12°6°4:4°5 
Numbers of the joints, Deo. on 4 on? 


The antenne (fig. 24, Pl. XIII.) are stout and setiferous ; the primary 

branches are two-jointed, but the secondary branches, which are 
articulated to the end of the first joint of the primary, are three-jointed, 
and reach somewhat beyond the extremity of the branches to which they 
- are appended ; the middle joint of the secondary branches is small. The 
mandibles (fig. 25, Pl. XIII.) are elongate, moderately stout, and have the 
obliquely truncate apex armed with a series of irregular but moderately 
stout teeth ; the basal joint of the palp is somewhat dilated, and carries 
two small setiferous branches ; the inferior branch is composed of two 
subequal joints, but the superior branch is one-jointed, and slightly longer 
and stouter than the other branch ; the branches are submarginal on the 
basal joint, which is also furnished with four moderately stout and 
plumose apical sete. The maxille (fig. 26, Pl. XIII.) are small but 
moderately robust ; the biting part, which is situated on the lateral aspect 
of the basal joint, is armed with a few short, stout sete and elongate, 
narrow, bifid teeth ; immediately posterior to the biting part is a bilobed 
marginal process, the lobes of which are unequal, the smaller lobe being 
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next to the biting lobe, and both are setiferous ; a small supplementary 
joint bearing three terminal plumose setz springs at right angles from the 
base of the bilobed process. Posterior foot-jaws small and two-jointed ; 
the second joint is somewhat dilated, and bears on the inner aspect a 
series of minute spines, as shown by the drawing (fig. 1, Pl. XV.); a short 
and stout setiferous spine springs from near the middle of the inner 
margin, and a stout plumose seta arises from the distal end of the inner 
margin of the first joint; the terminal claw is moderately stout, but 
- considerably shorter than the joint to which it is articulated. In the 
first pair of swimming feet (fig. 2, Pl. XV.) both branches are three-jointed ; 
the inner branches, which are elongate, have the first joint longer and 
considerably stouter than the second and third, being about double the 
breadth and nearly equal to the entire length of these two joints. The 
first joint is also furnished on the exterior aspect with one or two 
obliquely transverse rows of small spines, while a stout seta springs from 
the distal half of the inner margin ; the second and third joints are also 
each provided interiorly with a marginal seta and with several small 
spiniform hairs on the outer edge; moreover, the third joint, instead of 
being armed with a terminal claw, is provided with two stout sete, one 
being fully twice the length of the other; the outer branches are small, 
being little more than half the length of the inner branches; the first 
joint is rather longer than either the second or third, but the second and 
third are subequal. The second, third, and fourth pairs have both 
branches also three-jointed ; the inner branches are somewhat shorter than 
the outer, and both are moderately stout and setiferous (fig. 3, Pl. XV.). 
The fifth pair (fig. 4, Pl. XV.) are small ; the basal joint is of considerable 
width, but it is short except interiorly, where it is produced into a some- 
what conical prolongation that terminates in an elongate and stout seta 
which is coarsely plumose ; a long and stout seta also springs from the 
exterior angle of the basal joint, as shown by the figure; the secondary | 
joint is very small and subquadrangular, and bears two moderately long 
setz—one on each of the interior and exterior angles; intermediate 
between these are two small spines. No male specimens have been 
obtained. | 


Habitat.—Off Skate Island, Lower Loch Fyne, in 105 fms.; rare. 


Remarks.—This curious Copepod does not seem to fit with any 
described genus known to us. In some respects it resembles Tachidius— 
hence the generic name that has been adopted for it; but the combined 
peculiarities in the structure of the antennules, antenne, mandibles, and 
first and fifth pairs of feet do not fit in with the characters of any known 
genus. 


Tetragoniceps consimilis, T. Scott. This species, like Tetragoniceps 
bradyi, has the fifth pair of thoracic feet remarkably broad and leaf-like. 
It was rare in the dredged material from Otter Spit. 


Laophonte longicaudata, Boeck. Was dredged e Otter Spit, but was 
apparently rare. 


Cletodes similis, T. Scott. This species, though moderately small, is 
robust, and may be distinguished by the form and armature of the first 
pair of swimming feet ; the outer branches and the basal joints to which 
they are articulated are more or less ciliated. This species was also 
dredged at Otter Spit, 
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Dactylopus pectinatus, T. and A. Scott (Pl. XV., figs. 17-24). 


1898. Dactylopus pectinatus, T. and A. Scott, ‘Aun. and Mag, 
Nat. Hist.,’ ser. 7, vol. i, p. 187, Pl. X., figs. 9-16. 


This Dactylopus somewhat resembles D. strom in general appearance ; 
it is moderately robust, and measures about ‘7 mm. (4% of an inch) in 
length. Dactylopus pectinatus has seven-jointed antennules, the first four 
joints being stout and subequal, while the other three are comparatively 
small (see fig. 18, Pl. XV.). The secondary branches of the anteunz are 

wo-jointed. ‘The mandibles and maxille of this species, as well as some 
other of its structural details, resemble the same parts in D. rostratus. 
The somewhat remarkable characters that chiefly distinguish Dactylopus 
pectinatus, and which suggested the specific name applied to it, are the 
striking comb-like series of marginal spinules on the terminal claws of the 
posterior foot-jaws and inner branches of the first pair of swimming feet. 
This character of the terminal claws referred to, especially those of the 
inner branches of the first pair of swimming feet, arrested the attention at 
the time this Copepod was first observed, being readily noticed without 
resorting to dissection. But besides this peculiar characteristic of the 
species, it is well that another divergence in the structural details of the 
same inner branches should also be noticed. ‘These inner branches are 
apparently only two-jointed, and in this respect differ from the normal 
structure of Dactylopus, and there is also a slight difference in the struc- 
ture of the outer branches. This difficulty was felt when the species was 
first described, but as it possessed so many of the characters of a true 
Dactylopus it was considered preferable meanwhile to ascribe it to that 
genus. No males have been observed. 


This species was discovered early in 1896 amongst some refuse trawled 
between Lowburn and Cairndow, Upper Loch Fyne. 


Thalestris peltata (Boeck). Several specimens of this Thalestris were 
obtained amongst some dredged material from the vicinity of Otter Spit. 
Thalestris peltata is so unlike most of the other species of the genus that 
it may readily be passed over as some other form, but the structure of the 
mouth organs and of the first pair of swimming feet clearly indicate its 
relationship with the genus in question. 


Thalestris rufocincta, Norman. This species is also from the Otter 
Spit. The spinous armature of the swimming feet readily characterises 


this Thalestris, which is one of the more common species of the genus, 


Harpacticus flecus, Brady and Robertson. This Harpacticus was 
frequent in a gathering of Entomostraca collected in East Loch Tarbert 
in 1885, but was somehow overlooked until recently. It is a compara- 
tively small species, but quite distinct. 


 Zaus goodsirt, G. 8. Brady. This fine species was obtained at Otter 
Spit and one or two other places. It appears to be somewhat local, but 
where it does occur it is uot unusual to find it more or less common. 


Lichomolgus albens, Thorell, was another of the species found at Otter 
Spit, and this is also the first time it has been obtained in the Clyde 
district, 
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Hermanella arenicola (Brady)—Lichomolgus arenicolus (Brady). In this 
species all the four pairs of swimming feet have both branches three- 
jointed. It therefore differs from Lichomolgus as now restricted, which 
has the inner branches of the fourth pair only two-jointed. This Licho- 
molgus agrees better with the genus Hermanella (Canu), to which I have 
transferred it meanwhile, than with Lichomolgus proper. One or two 
specimens of this species were found in dredged material from Otter Spit. 


Asterocheres echinicola (Norman). This Copepod has been obtained in 
various parts of Loch Fyne, living in the water-passages of a species of 
sponge (Suberites), and sometimes in considerable numbers. 


Asterocheres violaceus (Claus). In dredged material from Otter Spit ; 
apparently rare. 


Asterocheres lilljeborgt, Boeck. This fine species has been found in 
one or two places in the Clyde district, In the previous catalogue of 
Loch Fyne fauna, male and female of Artotrogus orbicularis, Boeck, are 
recorded from Tarbert Bank, but it has since been ascertained that the 
supposed male of Artotrogus orbicularis was a male specimen of Astero- 
cheres lilljeborgi, while the other belonged to Artotrogus orbicularis ; 
and this other, which was supposed to be a female, was afterwards found 
to be a true male. (See post.) 


(?) Ascomyzon simulans sp. n. (Pl. XIIL., figs. 1-9, and Pl. XIV.,, fig. 22. 


Description of the female.—Length, 1*1 mm. (5 of an inch). Body 
robust ; the thoracic segments are laterally rounded off. The abdomen is 
composed of three segments ; the first segment is dilated and twice the 
length of the next, while the last is rather smaller than the penultimate 
one ; the caudal furca are very small (fig. 1, Pl. XIII.). The antennules are 
comparatively short and twenty-one jointed. The basal part of the 
antennules, which is distinctly stouter, consists of eight joints, and all the 
eight joints are, with the exception of the first, very short ; the ninth 
and tenth are small and contracted ; the remaining joints are compara- 
tively slender, and longer than the basal joints, except the last three, | 
which are small (fig. 2, Pl. II.). The formula shows approximately the 
proportional lengths ofall the joints— 


16 2.6.5 6.0/5 *6,5 +6.* 22° 5,218 -10.51062 59 Al oie ee 
D234 96°60 7°28 -9,*10d) 212 215 14 5 6 ag ee ee ee 


The secondary branches of the antennze are very small, and furnished 
with two minute sete (fig. 3, Pl. XIII.). The mandiblesare long, slender, 
and pointed at the apex, and are armed at the extremity with several 
minute lateral teeth ; the palp is slender, and rather more than a third of 
the length of the mandible ; it is two-jointed, the end-joint shorter than 
the other, and furnished with two slightly plumose setze (fig. 4, Pl. XIII.). 
The maxille# are moderately large, and the one lobe is scarcely half the 
length of the other ; both are provided with several long plumose hairs 
(fig. 5, Pl. XIII.). The foot-jaws are as in Cyclopicera (figs. 6, 7, Pl. V.). 
Both branches of all the swimming feet are three-jointed. The sete of the 
last joint of the outer branches number 4°4°4°4:°, and of the last 
joint of the inner 6 ‘6 °(?)6°4:°; the marginal branches of the outer 
spines are small, but the terminal spines of both branches, where present, 
are broad and sabre-like (figs. 8-9, Pl. XIII.). The fifth pair are broadly 
ovate, and have three apical sete (fig. 22, Pl. XV.). Male unknown, 


of the Fishery Board for Scotland. 271 
Habitat.—Kailbrannan Sound, 1886 ; Otter Spit, Loch Fyne, 1887. 


Remarks.—This Copepod, though closely allied to Ascomyzon, differs 
in one or two points from the characters which distinguish that genus. 
The mandible palp is comparatively short, and the hairs of the mandible 
palp and maxillz are plumose. The number of setz on the last joint of 
the outer and inner branches of the swimming feet is probably also 
dissimilar, but otherwise it appears to agree with the genus to which it is, 
for the present, ascribed. 


Neopontius angularis, gen. et sp. n. (Pl. XIV., figs. 1-11). 


Description of the female.—Length, 1:36 mm (,/5 of an inch). The > 
thorax, seen from above, is moderately broad and sub-angular, the third 
and fourth segments are produced laterally and posteriorly almost to the 
distal end of the narrow fifth segment, causing the posterior part of the 
thorax to terminate somewhat abruptly ; the forehead is also broadly 
rounded. The abdomen is long and slender, and composed of four seg- 
ments ; the anterior portion of the genital segment is scarcely broader 
than it is posteriorly ; this segment is fully equal to the combined length 
of the next three. The caudal stylets are elongate and comparatively 
broad ; they are rather longer than the last two abdominal segments (fig. 
1). The antennules are short and twelve-jointed ; the first two and last 
joints are longer than the others ; the third to the sixth are very short, while 
the last four joints are distinctly marrower than the basal joint; the 
eesthetask springs from the end of the last joint (fig. 2). The formula 
shows the proportional length of the joints— 


he aie Dee Our D108" 18 * 12-° 15 «30 
Wome the oe lO <a) «12 


‘The antennz are small, and the secondary branches consist of a single 
small joint, having two minute hairs (fig. 3). The mandibles are stylet 
shaped, being very long and slender ; there appears to be an intermediate 
joint, but somewhat nearer the distal than the proximal end; the man- 
dibles are also armed with a few minute lateral teeth that extend a short 
distance back from the apex (fig. 4). The maxille are moderately large ; 
the principal branch is cylindrical and about four times longer than 
broad, the other is narrower and slightly tapering and equal to about two- 
’ thirds of the length of the larger ; the smaller branch is provided with 
three, the larger with four plumose setz (fig. 5). The foot-jaws somewhat 
resemble those of Dispontius, but the claws of the anterior pair are strong 
and powerful, and have a stout seta on the inner aspect, also a small 
spine exteriorly (fig. 6) ; the claws of the posterior pair are more slender 
(fig. 7). All four pairs of swimming feet have both branches three- 
jointed ; the inner branches of the first pair have no terminal spines ; the 
marginal spines of the outer branches are short and stout ; the end-joint 
of the inner branches has three sete on the inner margin, two at the apex, 
and one on the outer margin, while the end-joint of the outer branches has 
four setz round the inner margin and apex (fig. 8). In the fourth pair 
both branches are armed with broad, sword-like spines ; the inner branches 
are rather narrower than the outer, and the last joint bears two sete on 
the inner margin and one on the outer margin; there is also a small 
supplementary apical seta ; the end-joint of the outer branches is provided 
with five setze on the inner margin (fig. 9). Fifth pair of feet moderately 
large, sub-quadrate in outline, the outer margin straight, inner margin 
8 
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curved from the somewhat narrow basal part to the broad truncate 
extremity of the foot, where it terminates in a small thumb-like process ; 
two sete spring from the truncate apex and one from the lateral aspect of 
the distal half; an elongate seta also springs from the outer angles of the 
thoracic segment to which the fifth pair are attached (fig. 10). 


Description of the male.—The male appears to be similar to the female 
in every respect except in the structure of the antennules, and even 
in this respect the difference is not apparently very great. The male 
antennules are twelve-jointed, the proportional lengths of the first eight 
being similar to those of the female ; the ninth is considerably longer than 
_ the same joint in the female antennule, while it is also of a different form, 
and -carries a long, stout seta at the distal extremity; the last joint is 
shorter than the same joint in the female antennule, and is hinged to the 
preceding joint (fig. 11). 


Habitat.—Otter Spit, Loch Fyne. 


Remarks. species 
were obtained in a gathering of micro-crustacea sent to me from Loch 
Fyne by F. G. Pearcey, of the Fishery Board. It seems undoubtedly to 
belong to the sub-family of Dyspontiinz of Dr. Giesbrecht, but I am un- 
able to place it under any of the described genera of that group. It has 
certain points of resemblance with Jf yzopontius, but the structure of the 
mouth organs excludes it from that’ genus. Meanwhile I have decided 
to institute a new genus for its reception, and as there is but one species, 
the description includes both the generic and specific characters. 


Artotrogus orbicularis, Boeck (Pl. XIV., figs. 12-21). 


Description of the male.—Length, 1°34 mm. (= of an inch). Seen 
from above, the thorax is almost circular, being about as broad as it is 
long ; the segments are somewhat produced laterally into angular pro- 
cesses. The abdomen is small and apparently only (?) three-jointed, the 
first two being very short. Caudal stylets short and broad (fig. 12). The 
antennules are short, and eight-jointed ; the first and second joints are 
large, the others smaller; an zsthetask springs from the end of the last 
joint (fig. 13). The proportional lengths of the joints are shown by the 
formula— 
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Antenne three-jointed and bearing three terminal hairs; secondary 
branches very small (fig. 14), | Maxillz large, lobes unequal, ‘outer lobes 
elongate, broad at the base, but tapering gradually to the narrow apex, from 
which springs a long, moderately stout, and slightly plumose seta ; inner 
lobe about half the length of the other, and bearing three terminal sete, 
two of which are long and moderately stout and one small (fig. 15). The 
anterior foot-jaws are provided with moderately short but stout and 
strongly-curved claws (fig. 16). The posterior foot-jaws are also armed 
with stout, though short, terminal claws, the structure of which resembles 
generally those of the same appendages in other species of Ascomyzontide 
(fig. 17). The first and second pairs of swimming feet are large, and 
both branches are three-jointed ; in the first pair the marginal spines are 
small but stout, there are no terminal spines on either the outer or inner 
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branches ; the end-joint of the outer branches bears five setze round the 
inner margin and apex, so does the end-joint of the inner branches, but 
this joint bears a seta also on the outer margin (fig. 18). The second 
pair are somewhat larger than the first, and the outer branches are armed 
with a terminal spine. The third pair are similar to the second ; in both, 
the end-joints of the outer branches are provided with five setz on the 
inner margin and apex ; the end-joints of the inner branches bear also five 
setze as shown by the figure (fig. 19) ; the fourth pair appear to be entirely 
absent. The fifth pair are rudimentary, and consist of aslightly produced 
and rounded portion of the thoracic segment furnished with three short 
and stout plumose hairs (fig. 20). ‘The appendages to the first abdominal 
segment resemble the fifth pair of thoracic very nearly, and are provided 
with a similar number of sete (fig. 21). 


Halbitat.—Tarbert Bank, Loch Fyne ; very rare. 


Remarks.—In the paper on the “ Marine Fishes and Invertebrates of 
Loch Fyne,” published in the Fifteenth Annual Report of the Fishery 
Board for Scotland, a male and a female of Avrtotrogus orbicularis are re- 
corded from Tarbert Bank. The supposed male has since been ascertained 
to belong to another genus, Asterocheres (see the record under that name), 
while the supposed female was really a male as described above, The 
only British specimen of a female known to me is that obtained by I. C. 
Thompson, of Liverpool, in the Irish Sea. The remarkable circular form 
of this species is very characteristic. 


ADDITION TO THE VERMES OF LOCH FYNE. 


Panthalis oerstedi, Kinberg. This annelid has lately been obtained in 
Loch Fyne by Mr. F. G. Pearcey, of the Fishery Board. Unable at first 
to identify the annelide that had gathered around itself such a huge, 
unsightly mass of slimy mud, I afterwards remembered having had the 
privilege of listening to a very interesting description by Professor Herd- 
man of the habits of Panthalis oerstedi, and of the interesting researches 
of Arnold T, Watson, of Sheffield, who had so successfully settled the 
question that had been raised as to whether this annelid formed its own 
tube or not, and concluded that this also was Panthalis. The surmise 
proved correct, and I am therefore now able to make this interesting addi- 
tion to the Loch Fyne fauna. The patient and successful researches of 
Arnold T. Watson are fully described in a paper published by him in the 
Transactions of the Liverpool Biological Society for 1894-95. The species 
seems to be restricted in its distribution to water of considerable depth, 
and with a bottom of fine mud. 


ADDITIONS TO THE FORAMINIFERA OF LOCH FYNE. 


A large number of additional records of Loch Fyne Foraminifera have 
been obtained since the publication of the previous list. I am indebted 
for several of these to Mrs. Robertson, of Millport, and to Mr. F. G. Pearcey, 
of the Fishery Board. Dr. G. W. Chaster, of Southport, has also aided me 


_ with this group. The species are arranged as in the previous paper. 
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Miliolide, 
Spiroloculina planulata (Lamk.). Loch Fyne (Mrs. Robertson). 


Miliolina oblonga (Montagu) =(Zriloculina oblonga). Dredged at 
Tarbert Bank, 20 to 25 fms. 


Miliolina auberiana (d’Orb). Loch Fyne (Mrs. Robertson). 
Dredged at Tarbert Bank, Loch Fyne, 20 to 25 fms. 


Miliolina venusta (Karrer), Loch Fyne (Mrs, Robertson). 


Miliolina bicornis (W. and T.). Loch Fyne (Mrs, Robertson). 
Dredged at Tarbert Bank in 20 to 25 fms. 


Miliolina labiosa, VOrb. Loch Fyne (Mrs. Robertson). 


Miliolina fusca, Brady. Dredged at Tarbert Bank, Lower Loch Fyne ; 
rare. 


Sigmoilina tenuis, Czjzek. Dredged at Tarbert Bank ; rare. 


Cornuspira involvens, Reuss. Off East Loch Tarbert, Lower Loch 
Fyne ; rare (collected 1886). 


Astrorhizide. 


Pelosina variabilis, H. B. Brady. Common below Inveraray in 70 
fms. (Mrs. Robertson)... F. G. Pearcey has also dredged this large and 
curious species in Loch Fyne. It is so large and unlike the organisms 
usually known as Foraminifera that the test may be passed over as a worm- 
tube of some kind. 


Hyperammina arborescens, Norman. Loch Fyne (Mrs. Robertson). 
This is found attached to stones and the “‘ roots ” of sea-weeds, and though 
comparatively large it is necessary to have some familiarity with the 
group to which it belongs to be able to recognise it. 


Tecnitella legumen, Norman. Loch Fyne (Mrs. Robertson). This 
is another peculiar species, and very unlike the usual Foraminifer, 


Dendrophrya radiata, Strethil Wright. Ardlamont Point, at low 
spring tides (F. G, Pearcey). 


Dendrophrya erecta, Strethil Wright. Ardlamont Point, at low spring 
tides, along with the other (F. G. Pearcey). These two interesting 
species of Foraminifera were found by Dr. Strethil Wright in Granton 
(Juarry, and described by him in 1861 in the ‘ Annals and Magazine of 
Natural History.’ DD. erecta was afterwards found in the same quarry 
by the late Dr. Robertson, who also many years ago discovered both 
species in low-tide pools at Cumbrae. 
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Lntuolide. 


Reophax fusiformis (Williamson). Dredged at Tarbert Bank, in 20 
to 25 fms. 


Reophax deflugiformis, H. B. Brady. Dredged at Tarbert Bank. 
Reophax moniliforme, Siddall. Dredged also at Tarbert Bank. 


Reophax scottii, Chaster. East Loch Tarbert, 1886. The test of this 
species is slender and elongate, and composed of a considerable number 
of segments that become gradually larger ; it is more or less flexible when 
moist.  Reophax scottit is generally distributed in Upper Loch Fyne, 
in East Loch Tarbert, in Campbeltown Loch, and other parts of the Clyde 
area. It is also sparingly distributed throughout most of the estuary of 
the Forth, as well as in other places around the British coasts. 


Ammodiscus charoides (Jones and Parker). This pretty species, which 
is of a brown colour, and somewhat resembling a seed capsule or “ nucule ” 
of Chara, but with the surface polished, was dredged at Tarbert Bank. 
It seems to be very rare in Loch Fyne. 


Ammodiscus shoneanus, Siddal. Loch Fyne (Mrs. Robertson). 
Trochammina inflata (Montagu). Off Skate Island, 105 fms. ; very 
rare (F. G. Pearcey). Off Inveraray ; rare (Dr. Robertson, in ‘ Notes on 


the Fauna and Flora of the West of Scotland,’ p. 51). 


Trochammina inflata var. macrascens, H. B. Brady. Loch Fyne ; 
very rare (Mrs. Robertson). 


Trochammina plicata, Terquem. Lower Loch Fyne, off East Tar- 
bert ; rare (collected 1886). 


Trochammina robertsoni, H. B. Brady. Loch Fyne (Mrs. Robertson). 
IT have also dredged this species at Tarbert Bank, but it appears to be 
rare in Loch Fyne. 

Valvulina austriaca, V’Orb. Off Inveraray, Upper Loch Fyne; rare 


(Dr. Robertson, in ‘ Notes on the Fauna and Flora of the West of Scot- 
land,’ p. 51). 


Textularide. 


Textularia trochus, @’Orb. Dredged at Tarbert Bank ; not common. 


Textularia gramen, d’Orb. Dredged at Tarbert Bank; moderately 
frequent. . 


Verneutlina polystropha (Reuss). Loch Fyne (Mrs. Robertson). Off 
Skate Island, 105 fms. (F. G. Pearcey). I have also dredged this species 
at Tarbert Bank. 


Sagrina dimorpha. Dredged at Tarbert Bank ; rare. 
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Bulimina elegantissima, @’Orb. Off Minard Castle, in 28 fms. (F. G. , 
Pearcey). | 


Virgulina schreibersiana, Kzjzek. Loch Fyne (Mrs. Robertson). 

Bolivina punctata, d’Orb. Off Inveraray, Upper Loch Fyne; rare | 
(Dr. Robertson, in ‘ Notes on the Fauna and Flora of the West of Scot- 
land,’ p. 52). 


Bolivina plicata, @’Orb. Loch Fyne (Mrs. Robertson). I have 
dredged this species also at Tarbert Bank. 


Bolivina dilatata, Reuss. Dredged at Tarbert Bank ; not very rare. 


Bolivina levigata (Williamson). Off Minard Castle, Upper Loch Fyne, 
in 28 fms. (F. G. Pearcey). 


Cassidulina crassa, d’Orb. Off East Loch Tarbert, Lower Loch Fyne 
(collected 1886). | | 


Lagenide. 


Lagena levis var. clavata, dOrb. Dredged at Tarbert Bank, Lower 
Loch Fyne. 


Lagena lineata (Williamson). Off Minard Castle, Upper Loch Fyne, 
in 28 fms. (F. G. Pearcey). 


Lagena williamsoni, Alcock. Dredged at Tarbert Bank, Lower Loch 
Fyne. 


Lagena costata, Williamson. Dredged at Tarbert Bank with the 
other. 


Lagena gracilis, Williamson. Off Skate Island, in 105 fms. ; rare 
(F. G. Pearcey). 


Lagena semistriata, Williamson. Loch Fyne (Mrs. Robertson). 


Lagena levigata var. lucida, Williamson. Dredged at Tarbert Bank, 
Lower Loch Fyne. 


Lagena lyelli, Sequenza, Dredged also at Tarbert Bank. | 


Lagena orbignyana, Sequenza, This also was dredged at Tarbert 
Bank. 


Lagena lagenotdes, Williamson. Off Skate Island, in 105 fms, (F. G. 
Pearcey). . 


Nodisaria pyrula, @Orbigny. Dredged at Tarbert Bank, Lower 
Loch Fyne. 


Nodosaria obliqua, Linné. Dredged also at Tarbert Bank ; appar- 
ently a rare species, | | 
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Nodosarta perversa, Schw. Dredged at Tarbert Bank ; rare. 

Nodosaria (Dentalina) pauperata (d’Orbigny). Off Inveraray, Loch 
Fyne; rare (Dr. Robertson, in ‘ Notes on the Fauna and Flora of the 
West of Scotland,’ p. 52). 

Vaginulina legumen, Linné. Dredged at Tarbert Bank ; rare. 


Marginulina glabra, d’Orbigny. Dredged at Tarbert Bank ; rare. 


Polymorphina oblonga, d’Orbigny. Off Skate Island, in 105 fms. ; very 
rare (I. G. Pearcey). Dredged also at Tarbert Bank. 


Polymorphina lanceolata, Reuss. Loch Fyne (Mrs. Robertson). 
Polymorphina compressa, d’Orbigny. Loch Fyne (Mrs. Robertson). 


Polymorphina sororia, Reuss. Loch Fyne (Mrs. Robertson). Dredged 
also off Kast Loch Tarbert. 


Polymorphina sororia var. cuspidata. Loch Fyne (Mrs. Robertson). 


Uvigerina angulosa, Williamson. Dredged at Tarbert Bank, Lower 
Loch Fyne ; rare. 


Discorbina orbicularis, Terquem. Off East Loch Tarbert, 20 fms. 
(F. G. Pearcey). 


Truncatulina ungeriana, d’Orb. East Loch Tarbert (collected 1886) ; 
rare. 


Pulvinulina auricula, Fichtel and Moll. Dredged at Tarbert Bank, 
Lower Loch Fyne ; rare. 


Nonionina orbicularis, H. B, Brady. Loch Fyne (Mrs. Robertson). 


Nonionina scapha, Fichtel and Moll. Loch Fyne (Mrs. Robertson). 
Dredged also at Tarbert Bank ; rare. 


The species and varieties of Foraminifera recorded in the preceding 
notes number 56, which, including those recorded in the previous list, 
brings up the total number to 111. 


APPENDIX.—EXTRA NOTES ON SOME CLYDE CRUSTACEA. 
ADDITION TO THE AMPHIPODA OF THE FIRTH OF CLYDE. 


Dulichia monocantha, G. O. Sars. I have on one or two occasions 
observed specimens of what appeared to be Dulichia monocantha, but as 
the specimens were females their identification was somewhat doubtful, 
the females being much more difficult to differentiate than the males. 
Last summer, however, Mr, F. G. Pearcey forwarded to me the contents of 
a haddock’s stomach from the Clyde, and while looking through this 
material I obtained a male specimen of this Dulichia. Though there may 
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be doubt as to the correct identification of female specimens of this species, 
there need be none as regards male specimens, the strongly-marked 
character of the first pair of coxal plates in the male being quite sufficient 
to identify the species. This species appears to be new to Britain. 


ADDITIONS TO THE COPEPODA OF THE FIRTH OF CLYDE. 
Scottocheres elongatus (T. and A, Scott), (Pl. XIIL., figs. 10-21). 


1894, Acontiophorus elongatus, T. and A. Scott, ‘Ann. and Mag, 
Nat. Hist.,’ ser. 6, vol. xii. p. 145, Pl. IX., figs. 15-20 ; 
and T. Scott, Twelfth Ann. Rep. Fish. Board, Scot., 
Part IIL, p. 261. 


1897. Scottocheres elongatus, W. Giesbrecht, ‘ Zool. Anzeig.,’ 
Nos. 521, 522 (separate copy), p. 6. 


This Copepod was partly described by Thomas and Andrew Scott in 
1894 from one or two specimens obtained in the Firth of Forth. It was 
ascribed to Acontiophorus, Brady, as that was the genus to which it was 
apparently most closely related. Since that time Dr. Giesbrecht, the 
eminent crustaceologist of the Naples Zoological Station, has made a 
special study of this family of the Copepoda, and introduced certain 
necessary changes in the arrangement and nomenclature of the various 
genera and species comprised in it. One of these changes is the 
institution of a new genus for this Copepod, viz., Scottocheres—as 
indicated above. It is interesting to note that Dr. Giesbrecht has dis- 
covered Scottocheres elongatus in the vicinity of Naples. Till com- 
paratively recently this species was known to me only from the Firth of 
Forth, but I am now able to record it also from the Clyde, a specimen of 
it having been obtained in the vicinity of Sanda Island. Its discovery 
in the Clyde enables me to give a fuller description of the species, and 
also figures showing additional structural details, as follow :— 

An ova-bearing female has been figured by my son, and is represented 
in fig. 10. This specimen measured almost a millimetre in length, and 
carried two ovisacs, each apparently containing three large ova. The 
antennules are comparatively short, and are seventeen-jointed ; but the 
eighth joint, counting from the base, ought, perhaps, to be reckoned two 
joints, as an indistinct suture is seen extending partly across it. The last 
joint is longer than any of the others except the basal joint, and an 
eesthetask springs from the end of the second-last joint (fig. 11). The 
antenne are slender and three-jointed, but the last joint is very small and 
bears a moderately long claw-like spine ; the secondary branches are also 
very small, and one-jointed (fig. 12), The mandibles are very long and 
very slender, being about as long as the siphon, which reaches to 
near the end of the cephalothorax (figs. 13, 14). The maxille 
are small and two-branched ; one branch is stout and somewhat conical 
in shape, the other is small and somewhat cylindrical; both branches 
bear three sete, two of the sete of the larger branch being of consider- 
able length and plumose (fig. 15). The foot-jaws are elongate and 
slender, and both pairs have moderately long terminal claws ; the anterior 
pair are two-jointed, but the posterior pair are apparently four-jointed, as 
shown by the figures (figs. 16, 17). All the four pairs of swimming feet 
have both branches three-jointed (figs. 18 and 19 represent the first and 
fourth pairs) ; the fifth pair are broadly elliptical, and bear three terminal 
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sete (fig. 20) The abdomen consists of three segments ; the genital 
segment is large, while the third is shorter than the penultimate one ; 
caudal stylets very short (fig. 21). We have not yet observed the male 
of this Copepod. | 


Eurynotus insolens, 'T. and A. Scott (Pl. XV., figs. 25-34). 
1898. Hurynotus insolens, T. and A. Scott, ‘Ann. and Mag. 
aie Eat., ser, 7, vol. i. p. 188, Pl. X.; fic, 17) and 
Pl. XI., figs. 5-13. 


This curious parasite—for that it is parasitic on some creature is 
evident by the structure of the mouth-organs—was discovered among 
some trawled refuse from Kilbrannan Sound, Firth of Clyde, in 1886. 
The thorax is broad and somewhat ovate, it is large in comparison with 
the abdomen, and seen from above is indistinctly divided into two 
segments, the junction of which is indicated by a slight constriction on 
each side (fig. 25). The antennules (fig. 26) are short and seven-jointed, 
and taper gradually from the moderately stout base ; the second joint is 
much longer than any of the others, and bears a long plumose seta at the 
distal end of the lower margin. The antenne (fig. 27) are stout, and 
apparently four-jointed, and furnished with a series of peculiar terminal 
hairs, some of which are distinctly hooked at the ends, and two of them 
terminate in what seem to be circular disks, as shown by the figure ; the 
antenne do not appear to possess secondary appendages. ‘The mandibles 
(fig. 28) are simple, elongate, and slender organs, which terminate in 
hook-like extremities ; they are each provided with two long marginal 
setz near the middle (figs. 29 and 30 show the rudimentary structure of 
the maxille and anterior foot-jaws). The posterior foot-jaws (fig. 31) 
appear to be two-jointed ; the first joint is dilated interiorly so as to 
assume a somewhat gibbous form, and a considerable portion of the 
gibbous surface is clothed with minute spines; the end-joint is very 
small, and bears three terminal setz of unequal length. There are only 
three pairs of thoracic feet, the fourth and fifth being apparently obsolete ; 
and while the first and second pairs are both three-branched, the third 
pair appears to be only one-branched (figs. 32, 33). There is a large and 
prominent circular disk-like appendage situated between and a little in 
front of the mandibles ; this appendage is probably used by the Copepod 
as a sucker for adhering to the creatures that form its host. The male 
is so far unknown. Ewurynotus insolens appears to be a rare species. The 
generic name—Hwurynotus—which has been given to this Copepod was 
suggested by the broadly ovate form of the thorax, eurynotus being 
a slightly modified form of the Greek word signifying ‘ having broad 
shoulders.” 


CHONIOSTOMATID&. 


Aspidecia normani, Giard and Bonnier. Last year | recorded the 
curious Hrythrops parasite Aspidophryxus peltatus from the Clyde. I 
have now to report the occurrence in the Clyde of another curious parasite 
of Hrythrops—viz.., Aspidecia norman’, I have on one or two previous 
oceasions observed what looked like rounded tubercles on the back and. 
sides of odd specimens of these Schizopods without knowing what they 
were. A perusal of Dr. H. J. Hansen’s monograph of the Choniostoma- 
tide, however, showed at once their true character. 

In concluding these notes, I may state that there are one or two 
crustacean species still unidentified, and that have consequently to stand 
over for the present. —> 
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DESCRIPTION OF THE PLATES. 


PLATE XII, 


Bradyidius armatus (Brady). 


. Female—dorsal view, 
. Antennule of female, . 
. Antenna, 


Mandible and palp of ‘female, 


. Maxilla of female, 
. Anterior foot-jaw of female, 
. Posterior foot-jaw, 


Foot of first pair of swimming feet, 


. Foot of second pair of swimming feet, female, 
. Foot of fourth pair of swimming feet, female, 
. Last thoracic segment and abdomen, female, 
. Antennule of male, . : : P 

. Mandible and palp of male, 

. Maxilla of male, 

. Anterior foot-jaw of male, 

. Fifth pair of feet of male, . : 

. Fifth pair of feet of male (immature), 

. Abdomen of male, : : ; 

. Rostrum, 


Htidius armatus, Brady. 


. Rostrum (for comparing with that of Bradyidius), 


PLATE XIII. 


(2?) Ascomyzon simulans, sp. n. 


. Female—dorsal view, 
. Antennule of female, 
. Antenna, 


Mandible and palp, 

Maxilla, 

Anterior foot-j -jaw, 

Posterior foot-jaw, 

Foot of second pair of swimming feet, 


. Foot of fourth pair of swimming feet, 


Scottocheres elongatus (T. and A. Scott). 


. Female, with ova—dorsal view, 

. Antennule of female, . 

. Antenna, 

. Mandible, . 

. Siphon, 

. Maxilla, : 

. Anterior foot-jaw, 

. Posterior foot-jaw, 

. Foot of first pair of swimming feet, 

. Foot of fourth pair of Sree feet, 

. Foot of fifth pair, : ‘ 
. Abdomen and caudal stylets, ; : . 
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Pseudotachidius coronatus, gen. et sp. nov. 


Fig. 22. Female—dorsal view, 


x 80 diameters. 
Fig. 23. Antennule of female, . x 253 9 
Fig. 24. Antenna, . x 380 ” 
Fig. 25. Mandible and palp, x 253 > 
Fig. 26. Maxilla, x 253 rs 

PuaTE XIV. 
Neopontius anguaris, gen. et sp. nov. 

Fig. 1. Female—dorsal view, x 53 diameters. 
Fig. 2. Antennule of female, sc OG a 
Fig. 3. Antenna, . x 253 s 
Fig. 4. Mandible, . x 253 * 
Fig. 5. Maxilla, : x 506 os 
Fig. 6. Anterior foot-j -Jaw, x 253 Be 
Fig. 7. Posterior foot-j -Jaw, x 253 
Fig. 8. Foot of first pair of swimming feet, x 190 e 
Fig. 9. Foot of fourth pair of swimming feet, x. M190 os 
Fig. 10. Foot of fifth pair, : : x 380 “- 
Fig. 11. Attenule of male, x 190 + 

Artotrogus orbicularis, Boeck. 

Fig. 12. Male—dorsal view, x 40 diameters. 
Fig. 13. Antennule of male, x 190 a3 
Fig. 14. Antenna, x 190 “5 
Fig. 15. Maxilla, , : *~ 253 - 
Fig. 16. Anterior of foot-jaw, . x 80 Ae 
Fig. 17. Posterior foot-jaw, : x 106 oe 
Fig. 18. Foot of first pair of swimming feet, x 9190 33 
Fig. 19. Foot of third pair of swimming feet, . x 190 - 
Fig. 20. Foot of fifth pair, . x 380 + 
Fig. 21. One of the appendages of the first abdominal segment, x 380 Sp 

(?) Ascomyzon simulans, sp. n. 
Fig. 22. Foot of fifth pair, : : - ; : x 380 diameters. 
Puate XV. 
Pseudotachidius coronatus, g. et sp. n. 

Fig. 1. Posterior foot-jaw, . x 380 diameters. 
Fig. 2. Foot of first pair of swimming feet, x 190 fe 
Fig. 3. Foot of fourth pair of 9 Sere feet, x 190 * 
Fig. 4. Foot of fifth pair, ; A x 380 r 

Stephos fulton, T. and A. Scott. 

Fig. 5. Female—lateral view, x 53 diameters 
Fig. 6. Antennule of female, x 80 pe 
Fig. 7. Antenna, . ‘ ben fy f 
Fig. 8. Mandible and palp, x 94 y 
Fig. 9. Posterior foot-jaw, x 190 5 
Fig. 10. Foot of first pair of swimming feet, x 167 “4 
Fig. 11. Foot of second pair of swimming feet, x 125 e 
Fig. 12. Foot of fourth pair of swimming feet, x 125 3 
Fig. 13. Foot of fifth pair—female, x 300 es 
Fig. 14. Foot of fifth pair—male, . x 253 33 
Fig. 15. Abdomen and caudal stylets of female, 3 : x 80 53 
Fig. 16. Abdomen and caudal stylets of male, ‘ ’ xq” - 80 as 


. Femaie—-dorsal view, 

. Antennule of female, 

. Antenna, 

Anterior foot-j -jaw, 

. Posterior foot-jaw, 

. Foot of first pair of swimming feet, 

. Foot of fourth pair of swimming feet, 
. Foot of fifth pair—female, 


. Female—dorsal view, 

. Antennule of female, 

. Antenna. 

. Mandible, . 

. Maxilla, 

. Anterior foot-jaw, 

. Posterior foot-jaw, 

. Foot of first pair of swimming feet, 

. Foot of third pair of swimming feet, : 
. Sucker-disk, ; 
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Dactylopus pectinatus, T. and A. Scott. 
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EHurynotus insolens (T. and A. Scott). 
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Fics. 22-26.—Pseudotachidius coronatus, n, g. et. sp. 


Fias. 10-21,—Scottocheres elongatus (I. and A. Scott). 


Fias. 1-9,— (2) Ascomyzon simulans, n. sp. 
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Fios. 12-22.—Artotrogus orbicularis (Boeck). 
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PLATE XV. 


B. REPORT, 1898. 


Fras, 5-16,—Stephos fultoni (T. and A. Scott) ies. 17-24.—Dactylopus pectinatus (T. and A. Scott). Fras. 25-84.—Eurynotus insolens (T. and A. Scott). 


Al ‘Scorr, del. ad nat. _Fios. 1-4.—Pseudotachidius coronatus, g. and sp n. 
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